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WHTE LIGHT LAMP USING 
SEMICONDUCTOR LIGHT EMITTER(S) AND 
REMOTELY DEPLOYED PHOSPHOR(S) 

TECHNICAL FIELD 

The present Subject matter relates to lamps for general 
lighting applications that utilize solid state emitter(s) to pump 
one or more phosphors, to produce light of desired character 
istics, yet can conform to form factors and/or use lamp base 
connectors of widely accepted lamp designs, such as those of 
common incandescent lamps and/or compact fluorescent 
lamps. 

BACKGROUND 

It has been recognized that incandescent lamps are a rela 
tively inefficient light source. However, after more than a 
century of development and usage, they are cheap. Also, the 
public is quite familiar with the form factors and light output 
characteristics of Such lamps. Fluorescent lamps have long 
been a more efficient alternative to incandescent lamps. For 
many years, fluorescent lamps were most commonly used in 
commercial settings. However, recently, compact fluorescent 
lamps have been developed as replacements for incandescent 
lamps. While more efficient than incandescent lamps, com 
pact fluorescent lamps also have some drawbacks. For 
example, compact fluorescent lamps utilize mercury vapor 
and represent an environmental hazard if broken or at time of 
disposal. Cheaper versions of compact fluorescent lamps also 
do not provide as desirable a color characteristic of light 
output as traditional incandescent lamps and often differ 
extensively from traditional lamp form factors. 
As costs of energy increase along with concerns about 

global warming due to consumption of fossil fuels to generate 
energy, there is an ever increasing need for more efficient 
lamp technologies for general lighting applications. These 
demands, coupled with rapid improvements in semiconduc 
tors and related manufacturing technologies, are driving a 
trend in the lighting industry toward the use of light emitting 
diodes (LEDs) or other solid state light emitting sources to 
produce white light for general lighting applications, as 
replacements for common incandescent lamps and/or com 
pact fluorescent lamps and other older less efficient light 
SOUCS. 

A number of products and proposals have used or Sug 
gested use of remotely deployed phosphors in light fixtures 
and/or in lamps, which utilize Solid state light sources. How 
ever, there is still room for improvement, for example, in 
terms one or more of light quality, efficiency, and/or ease of 
manufacture or cost. Thus, there is a need for lamps for 
general lighting applications that utilize Solid State light emit 
ting sources to pump remotely deployed semiconductorphos 
phor, to effectively produce and distribute light of desired 
characteristics. The lamps should utilize energy efficient solid 
state light emitters, and conform to form factors and/or use 
lamp base connectors of widely accepted lamp designs, such 
as those of common incandescent lamps and/or compact fluo 
rescent lamps. 

SUMMARY 

The teachings herein provide further improvements over 
existing lighting technologies for providing energy efficient, 
Substantially white light from a lamp utilizing solid state light 
emitters to pump remotely deployed phosphor. The light 
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2 
emissions through the bulb of the lamp that utilizes solid state 
light emitters approximate emissions from an incandescent 
lamp that uses a filament. 

For example, a lamp is provided and includes solid state 
light emitters, a bulb and a pedestal extending into an interior 
of the bulb supporting the solid state light emitters. At least 
Some of the solid state light emitters are Supported on the 
pedestal in an orientation where principal directions of light 
emissions from respective emitters are radial outward from 
the pedestal through the bulb in different radial directions. At 
least one of the Solid state emitters is Supported on an end of 
the pedestal in Such an orientation so that a principal direction 
of emission of light from the at least one solid state light 
emitter is Substantially the same as or parallel with a longi 
tudinal axis of the lamp. A phosphor is remotely deployed in 
the lamp with respect to the solid state light emitters. The 
phosphor is of a type for converting at least Some portion of 
light from the solid state light emitters from a first spectral 
characteristic to a second spectral characteristic, to produce a 
white light output of the lamp from the bulb. 

In yet another example, a lamp includes a solid state light 
emitter, a bulb and a pedestal extending into an interior of the 
bulb, which supports the solid state light emitter. The solid 
state light emitter is Supported on the pedestal in an orienta 
tion Such that the principal direction of light emissions from 
the emitter is outward from the pedestal through the bulb. A 
phosphoris remotely deployed in the lamp with respect to the 
solid state light emitter. The phosphor is of a type for con 
Verting at least some portion of light from the solid state light 
emitter from a first spectral characteristic to a second spectral 
characteristic, to produce an output of the lamp from the bulb 
that is at least substantially white. 

Additional advantages and novel features will be set forth 
in part in the description which follows, and in part will 
become apparent to those skilled in the art upon examination 
of the following and the accompanying drawings or may be 
learned by production or operation of the examples. The 
advantages of the present teachings may be realized and 
attained by practice or use of various aspects of the method 
ologies, instrumentalities and combinations set forth in the 
detailed examples discussed below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing figures depict one or more implementations in 
accord with the present teachings, by way of example only, 
not by way of limitation. In the figures, like reference numer 
als refer to the same or similar elements. 

FIGS. 1A and 1B are side views of two somewhat similar 
examples of lamp (differing as to heat sink designs), for 
lighting applications, which use solid state light emitters to 
produce white light. 

FIG. 2 is a cross-sectional view of an example of a lamp, for 
lighting applications, which uses solid state light emitters to 
produce white light. 
FIG.3A is a simplified cross-sectional view of a white light 

solid state light emitter which may be used in some of the 
lamp examples. 

FIG. 3B is a simplified cross-sectional view of a narrower 
band solid state light emitter which may be used in other lamp 
examples. 

FIG. 4 is a plan view of a screw type lamp base, such as an 
Edison base or a candelabra base. 

FIG. 5 is a plan view of a three-way dimming screw type 
lamp base. Such as for a three-way mogul lamp base or a 
three-way medium lamp base. 
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FIGS. 6A and 6B are color charts showing the black body 
curve and tolerance quadrangles along that curve for chroma 
ticities corresponding to several desired color temperature 
ranges for white light applications. 

FIG. 7A is a radiation spectral graph, showing the different 
emission of four phosphors used in several of the examples. 

FIG. 7B is a graph of absorption and emission spectra of a 
number of doped type semiconductor nanophosphors. 

FIG. 8A is a graph of emission spectra of three of the doped 
semiconductor nanophosphors selected for use in an exem 
plary lamp as well as the spectrum of the white light produced 
by combining the spectral emissions from those three phos 
phors. 

FIG. 8B is a graph of emission spectra of four doped 
semiconductor nanophosphors, in this case, for red, green, 
blue and yellow emissions, as well as the spectrum of the 
white light produced by combining the spectral emissions 
from those four phosphors. 

FIG. 9 is a view of one example of remote phosphor 
deployment in a lamp. 

FIG. 10 is a view of another example of remote phosphor 
deployment in a lamp. 

FIG. 11 is a view of the bulb including remote phosphor on 
an inner surface of the bulb. 

FIGS. 12A to 12C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 2700 Kelvin 
example. 

FIGS. 13 A to 13C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 3000 Kelvin 
example. 

FIGS. 14A to 14C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 3500 Kelvin 
example. 

FIGS. 15A to 15C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 4000 Kelvin 
example. 

FIGS. 16A to 16C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 4500 Kelvin 
example. 

FIGS. 17A to 17C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 5000 Kelvin 
example. 
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4 
FIGS. 18A to 18C respectively are a spectral chart of the 

black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 5700 Kelvin 
example. 

FIGS. 19A to 19C respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for a 6500 Kelvin 
example. 

FIGS. 20A to 200 respectively are a spectral chart of the 
black body radiation spectrum and a device output radiation 
spectrum, a graph of absolute value of deviation as a percent 
age between the two spectra over a broad range, and a graph 
of absolute value of deviation as a percentage between the two 
spectra over the specific 210 nm range, for an actual phosphor 
mixture rated for 2700° Kelvin output. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide a 
thorough understanding of the relevant teachings. However, it 
should be apparent to those skilled in the art that the present 
teachings may be practiced without Such details. In other 
instances, well known methods, procedures, components, 
and/or circuitry have been described at a relatively high-level, 
without detail, in order to avoid unnecessarily obscuring 
aspects of the present teachings. 
The various examples of Solid state lamps disclosed herein 

may be used in common lighting fixtures, floor lamps and 
table lamps, or the like, e.g. as replacements for incandescent 
or compact fluorescent lamps. Reference now is made in 
detail to the examples illustrated in the accompanying draw 
ings and discussed below. 

FIG. 1A illustrates an example of a solid state lamp 30. The 
exemplary lamp 30 may be utilized in a variety of lighting 
applications analogous to applications for common incandes 
cent lamps and/or compact fluorescent lamps. The lamp 30 
includes solid state light emitters 32 for producing lamp out 
put light of a desired characteristic, from the emitter outputs 
and/or from luminescent phosphor emissions driven by the 
emitter outputs as discussed more fully below. The solid state 
emitters as well as the other components within the bulb 31 
are visible through the cut-out window view of FIG. 1A. FIG. 
1B is otherwise generally similar to FIG. 1A, minus the 
cut-out window, except that FIG. 1B also shows a somewhat 
different implementation of the heat radiation fin configura 
tion of the heat sink. 
At a high level, a lamp 30, includes solid state light emitters 

32, a bulb 31 and a pedestal 33. The pedestal 33 extends into 
an interior of the bulb 31 and supports the solid state light 
emitters 32. The orientations of the solid state light emitters 
32 produce emissions through the bulb 31 that approximate 
light Source emissions from a filament of an incandescent 
lamp. In the examples, an inner optical processing member 
34, of a material that is at least partially light transmissive, is 
positioned radially and longitudinally around the Solid State 
light emitters 32 supported on the pedestal and between an 
inner surface of the bulb 31 and the solid state light emitters 
32. The bulb and/or the inner member may be either trans 
parent or diffusely transmissive. 
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The lamp 30 also includes a heat sink 36 (FIG. 1A) 36 
(FIG. 1B). In these examples, the heat sinks are similar, but 
have somewhat different fin/flair arrangements. In either 
case, the heat sink has a modular-coupling for attachment of 
one of a number of different lighting industry standard lamp 
bases 35. The heat sink also has a second modular-coupling 
for attachment of one of a number of different types of bulbs 
31. For examples that include the inner optical processing 
member 34, the heat sink also has a third modular-coupling 
for attachment of one of a number of different types of inner 
optical processing members 34. The base, sink and bulb also 
enclose circuitry to receive electricity from the lamp base 35, 
for driving the solid state emitters 32 of the source to emit the 
light. 
The modular couplings facilitate use of certain common 

components that form a light engine together with different 
bulbs, bases and/or inner optical processing members for 
different lamp configurations. The common components 
forming the engine may include the pedestal, the emitters and 
the heat sink. 

In the examples, the pedestal 33 extends from the heat sink 
36 or 36' along the longitudinal axis of the light engine/lamp 
into a region to be surrounded by the bulb 31 when attached to 
the heat sink member at the first modular-coupling. The ped 
estal 33 provides heat conductivity to and is supported by the 
heat sink 36 or 36'. 

In FIG. 1A, the fins 36a have an outward curved profile at 
their outer edge. The heat sink 36 also includes flares on the 
fins. In the example of FIG. 1A, the flares are located between 
the proximal and distal ends of the fins 36a, but the flares are 
curved inward (as opposed to the outer curve at the perimeter 
of the fins). In FIG. 1B, the fins 36a' have an angled outer 
profile at their outer edge. In the example of FIG. 1B, the 
flares are located at the distalends of the fins, and the flares are 
angled to follow the angled outer contour of the fins 36a'. The 
length of the fins 36a/36a longitudinally extend from the bulb 
31 down to the base 35. 
The solid state lamps in the examples produce light that is 

at least Substantially white. In some examples, the Solid state 
emitters produce light that is at least substantially white (FIG. 
3A). The white light from the emitters may form the lamp 
output. In other examples, the emitters produce white light at 
a first color temperature (FIG. 3B), and phosphor(s) in the 
lamp converts some of that light so that the lamp output is at 
least substantially white but at a second color temperature. In 
these various examples, light is at least Substantially white if 
human observers would typically perceive the light in ques 
tion as white light. 

It is contemplated that the lamp 30 may have a light output 
formed by only optical processing of the white light emitted 
by the solid state emitters 32. Hence, the white light output of 
the lamp 30 would be at least substantially white, in this case 
as white as the emitters are configured to produce; and that 
light would be at a particular color temperature. Producing 
lamps of different color temperatures, using this approach 
would entail use of different white solid state emitters 32. 

Another approach uses the emitters 32 that emit white light 
at the first color temperature in combination with a remotely 
deployed material bearing one or more phosphors. Semicon 
ductor nanophosphors, doped semiconductor nanophos 
phors, as well as rare earth and other conventional phosphors, 
may be used alone or in various combinations to produce 
desired color temperatures and/or other desirable character 
istics of a white light output. In this type arrangement, the 
phosphor or phosphors convert at least Some portion of the 
white light (at a first color temperature) from the solid state 
light emitters from a first spectral characteristic to light of 
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6 
second spectral characteristic, which together with the rest of 
the light from the emitters produce the white light output from 
the bulb at a second color temperature. Thus, the phosphor(s) 
is of a type for converting at least Some portion of light from 
the solid state light emitters from a first spectral characteristic 
to a second spectral characteristic, to produce a white light 
output of the lamp from the bulb. 

In other examples the solid state light emitters 32 could be 
of any type rated to emit narrower band energy and remote 
phosphor luminescence converts that energy so as to produce 
a white light output of the lamp. In the more specific examples 
using this type of phosphor conversion, the light emitters 32 
are devices rated to emit energy of any of the wavelengths 
from the blue/green region around 460 nm down into the UV 
range below 380 nm. In some examples, the solid state light 
emitters 32 are rated for blue light emission, such as at or 
about 450 nm. In other examples, the solid state light emitters 
32 are near UV LEDs rated for emission somewhere in the 
below 420 nm, such as at or about 405 nm. In these examples, 
the phosphor bearing material may use a combinations of 
semiconductor nanophosphors, a combination of one or more 
nanophosphor with at least one rare earth phosphors or a 
combination in which one or more of the phosphors is a doped 
semiconductor nanophosphor. Each phosphor or nanophos 
phor is of a type for converting at least some portion of the 
wavelength range from the solid state emitters to a different 
range of wavelengths. The combined emissions of the 
pumped phosphors alone or in combination with some por 
tion of remaining light from the emitters results in a light 
output that is at least Substantially white, is at a desired color 
temperature and may exhibit other desired white light char 
acteristics. 

In several examples offering particularly high spectral 
white light quality, the Substantially white light corresponds 
to a point on the blackbody radiation spectrum. In Such cases, 
the visible light output of the lamp deviates no more than 
+50% from a black body radiation spectrum for the rated 
color temperature for the device, over at least 210 nm of the 
visible light spectrum. Also, the visible light output of the 
device has an average absolute value of deviation of no more 
than 15% from the blackbody radiation spectrum for the rated 
color temperature for the device, over at least the 210 nm of 
the visible light spectrum. 

Whether using white light emitters (e.g. FIG. 3A) or emit 
ters of energy of wavelengths from the blue/green region 
around 460 nm down into the UV range below 380 nm (e.g. 
FIG. 3B), the implementations using phosphors can use dif 
ferent phosphor combinations/mixtures to produce lamps 
with white light output at different color temperatures and/or 
of different spectral quality. 

Hence, the lamp structures of FIGS. 1A-2 may be used with 
a number of different types of emitters alone or in combina 
tion with various phosphor materials. In initial examples, the 
solid state emitters are white light emitters. If phosphors are 
provided in Such implementation, the luminescence of the 
phosphors changes the color temperature and possibly other 
characteristics of the white light output of the lamp. Later 
examples use Solid state emitters to emit a predominant wave 
length within the excitation range of the phosphor(s) and the 
pumped phosphor(s) produce the desired white light output. 
The solid state light emitters 32 are semiconductor based 

structures for emitting, in Some examples for emitting Sub 
stantially white light and in other examples for emitting light 
of color in a range to pump phosphors. In the example, the 
light emitters 32 comprise light emitting diode (LED) 
devices, although other semiconductor devices might be 
used. 
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As discussed herein, applicable Solid state light emitters 
essentially include any of a wide range light emitting or 
generating devices formed from organic or inorganic semi 
conductor materials. Examples of Solid State light emitters 
include semiconductor laser devices and the like. Many com 
mon examples of Solid State emitters, however, are classified 
as types of “light emitting diodes' or “LEDs.” This exemplary 
class of Solid state light emitters encompasses any and all 
types of semiconductor diode devices that are capable of 
receiving an electrical signal and producing a responsive 
output of electromagnetic energy. Thus, the term “LED 
should be understood to include light emitting diodes of all 
types, light emitting polymers, organic diodes, and the like. 
LEDs may be individually packaged, as in the illustrated 
examples. Of course, LED based devices may be used that 
include a plurality of LEDs within one package, for example, 
multi-die LEDs that contain separately controllable red (R), 
green (G) and blue (B) LEDs within one package. Those 
skilled in the art will recognize that “LED' terminology does 
not restrict the Source to any particular type of package for the 
LED type source. Such terms encompass LED devices that 
may be packaged or non-packaged, chip on board LEDs, 
Surface mount LEDs, and any other configuration of the semi 
conductor diode device that emits light. Solid state lighting 
elements may include one or more phosphors and/or nano 
phosphors, which are integrated into elements of the package 
to convert at least some radiant energy to a different more 
desirable wavelength or range of wavelengths. 

FIG. 3A illustrates an example of a visible white light type 
LED device, in cross section, by way of a first example 11a of 
a solid state device of the type discussed herein. The structural 
configuration of the solid state device 11a shown in FIG.3A 
is presented here by way of example only. Those skilled in the 
art will appreciate that the device may utilize any device 
Structure. 

In the example of FIG. 3A, the solid state device 11a 
includes a semiconductor chip, comprising two or more semi 
conductor layers 13a, 15a forming the actual LED. In this first 
example, the semiconductor layers 13a, 15a of the chip are 
mounted on an internal reflective cup 17a, formed as an 
extension of a first electrode, e.g. the cathode 19a. The cath 
ode 19a and an anode 21a provide electrical connections to 
layers of the semiconductor chip within the packaging for the 
device 11a. When appropriate current is supplied through the 
cathode 19a and the anode 21a to the LED chip layers 15a and 
13a, the chip emits electromagnetic energy. In the example, 
an epoxy dome 23a (or similar transmissive part) of the enclo 
Sure allows for emission of the electromagnetic energy from 
the device 11a in the desired direction. 

The chip structure shown in FIG. 3A is given by way of a 
simple example, only. Those skilled in the art will appreciate 
that the device 11a can utilize any semiconductor chip struc 
ture. For purposes of this example, the chip structure is con 
figured as a source of energy somewhere in the 380-460 nm 
range, for example, having Substantial energy emissions in 
that range such as a predominant peak at or about 450 nm. The 
simplified example shows a LED type semiconductor chip 
formed of two layers 13a, 15a. Those skilled in the art will 
recognize that actual chips may have a different number of 
device layers. 

Semiconductor devices such as the light emitting device 
formed by layers 13a, 15a exhibit emission spectra having a 
relatively narrow peak at a predominant wavelength, 
although some Such devices may have a number of peaks in 
their emission spectra. Such devices may be rated with 
respect to the intended wavelength of the predominant peak, 
although there is some variation or tolerance around the rated 
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8 
value, from chip to chip due to manufacturing tolerances. The 
semiconductor chip in the solid state device 11a will have a 
predominant wavelength in the 380-460 nm range. For 
example, the chip in the example of FIG. 3A is rated for a 450 
nm output, which means that it has a predominant peak in its 
emission spectra at or about 450 nm (within the manufactur 
er's tolerance range of that rated wavelength value). 
Examples of devices 11a, however, may use chips that have 
additional peaks in their emission spectra. 

In the example of FIG. 3A, the white light device 11a also 
includes a housing 25a. The epoxy may substantially encap 
Sulate the chip. The housing and the light transmissive dome 
23a togetherform the package enclosing the LED chip, in this 
example. Typically, the housing 25a is plastic, ceramic or in 
Some cases at least partially metallic, e.g. with a metal heat 
slug (not separately shown) to provide good heat conductivity 
So as to facilitate dissipation of heat generated during opera 
tion of the LED. Internal reflectors, such as the reflective cup 
17a, direct energy in the desired direction and reduce internal 
losses. 
The white light emitting device 11a also incorporates an 

appropriately formulated phosphor material within the device 
package itself, to enable the device 11 to produce the desired 
white light. The phosphor material may include a single phos 
phor or a mixture of phosphors. Each Such phosphor may be 
any of a number of different types of phosphors, such as rare 
earth phosphors, semiconductor nanophosphors, and doped 
semiconductor nanophosphors. For white light devices, the 
material often includes a mixture of two or more of these 
phosphors. The phosphors are all excited by the energy from 
the chip, however, the emission spectra of different phosphors 
in such a mixture are different. Each type of phosphors re 
emits visible light of a different spectral characteristic. 
The phosphors could beat various locations and formed in 

various ways within the package of the Solid State device 11a. 
For example, the phosphors could be part of or coated on a 
reflective material of the cup 17a. In the illustrated example, 
however, the mix of phosphors is located across the optical 
output of the solid state device 11a, as shown at 27a in the 
drawing. The phosphors. 27a for example could be in a coat 
ing over the outside of an epoxy dome, or the phosphor 
particles could be doped or otherwise embedded in a portion 
(as shown) or all of the epoxy forming the dome 23 itself. At 
least some semiconductor nanophosphors degrade in the 
presence of oxygen, reducing the useful life of the nanophos 
phors. Hence, it may be desirable to use materials and con 
struct the device 11 so as to effectively encapsulate the phos 
phors. 27a in a manner that blocks out oxygen, to prolong 
useful life of the phosphors. 
The structural configuration of the solid state light emitter 

11a shown in FIG. 3A is presented here by way of example 
only. Those skilled in the art will appreciate that the lamp 
examples using white light type emitters can utilize any solid 
state light emitting device structure that provides light that is 
at least Substantially white. In several examples using Such 
white light emitters, the solid state white light emitters rated 
for emitting light that is at least Substantially white at a color 
temperature greater than 4.260 Kelvin, e.g. at 5,000°Kelvin. 

Attention is now directed to FIG. 3B illustrating a simpli 
fied cross-sectional view of a narrower band solid state light 
emitter which may be used in one or more of the lamp 
examples. FIG. 3B illustrates a simple example of another 
LED type device 11b, in cross section. The exemplary struc 
ture of the LED type device 11b may be used for any device 
intended to emit non-white light, e.g. rated for a particular or 
principal color of light emission. For most of the discussions 
here, the exemplary configuration of the LED type device 11b 
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is for a device rated to emit energy of any of the wavelengths 
from the blue/green region around 460 nm down into the UV 
range below 380 nm. Some specific examples are rated for 
405 nm emission and other specific examples are rated for 
450 nm emission. In the example of FIG. 3B, the solid state 
light emitter 11b includes at least one semiconductor chip, 
each chip comprising two or more semiconductor layers 13b. 
15b forming the actual LED device. The semiconductor lay 
ers 13b. 15b of the chip are mounted on an internal reflective 
cup 17b, formed as an extension of a first electrode, e.g. the 
cathode 19b. The cathode 19b and an anode 21b provide 
electrical connections to layers of the semiconductor chip 
device within the packaging for the Solid state light emitter 
11b. In the example, an epoxy dome 23b (or similar transmis 
sive part) of the enclosure allows for emission of the electro 
magnetic energy from the chip in the desired direction. 

In the example shown in FIG. 3B, the solid state light 
emitter 11b also includes a housing 25b that completes the 
packaging/enclosure for the Solid State light emitter. At least 
for many modern lighting applications, the housing 25b is 
plastic or ceramic, e.g. with a metal heat slug (not separately 
shown) to provide good heat conductivity so as to facilitate 
dissipation of heat generated during operation of the LED. 
Internal “micro' reflectors, such as the reflective cup 17b, 
direct energy in the desired direction and reduce internal 
losses. One or more elements in the package, such as the 
reflector 17b or dome 23b may be doped or coated with 
phosphor materials as in the device of FIG. 3A. However, the 
solid state emitter used in lamp example 11b relies on remote 
phosphor deployment to convert narrow band energy to the 
broader band energy intended to provide white light of desir 
able quality, therefore, phosphor doping integrated in (on or 
within) the package is not required. For certain remote phos 
phor deployment examples, discussed in more detail later, the 
solid state light emitter 11b in FIG. 3B can be rated to emit 
electromagnetic energy of a wavelength in the blue/green 
region around 460 nm down into the UV range below 380, 
such as at 450 nm or 405 nm. 

Semiconductor devices rated for a particular wavelength, 
such as the solid state light emitter 11b in FIG. 3B, exhibit 
emission spectra having a relatively narrow peak at a pre 
dominant wavelength, although some Such devices may have 
a number of peaks in their emission spectra. Often, manufac 
turers rate such devices with respect to the intended wave 
length w, of the predominant peak, although there is some 
variation or tolerance around the rated value, from device to 
device. Solid state light emitters such as device 11b for use in 
certain exemplary lamps will have a predominant wavelength 
W, in the range at or below 460 nm (vs.460 nm). The lamp 
may use devices that have additional peaks in their emission 
spectra. 
The structural configuration of the solid state light emitter 

11b shown in FIG. 3B is presented here by way of example 
only. Those skilled in the art will appreciate that the lamp 
examples can utilize any narrower band Solid State light emit 
ting device structure, where the device is configured as a 
Source of electromagnetic energy in the wavelength range 
that is relevant for excitation of a particular remotely 
deployed phosphor orphosphor mixture, for example, having 
Substantial energy emissions in that rangews460 nm, such as 
in a range of 380-460 nm. 

Turning attention back to FIG. 1A, the solid state light 
emitters 32 are positioned on the pedestal 33 positioned 
inside bulb 31. The pedestal 33 extends into the interior of the 
bulb 31 supporting the solid state light emitters in orientations 
such that emissions from the solid state light emitters 32 
through the bulb 31 approximate light source emissions from 
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10 
a filament of an incandescent lamp. The pedestal 33 includes 
a multi-surfaced three-dimensional thermal core that pro 
vides support for the solid state light emitters 32 in the interior 
of the bulb 31. The multi-surfaced three-dimensional thermal 
core is made of a durable heat conducting material Such as 
copper (Cu), aluminum (Al), thermally conductive plastics or 
ceramics. An example of a ceramic material is commercially 
available from CeramTec GmbH of Plochingen, Germany. 
Composite structures, such as might have a conductive outer 
material and graphite core or a metal core with an outer 
dielectric layer are also contemplated. In some cases, the 
emitters are mounted on a circuit board attached to the core, 
whereas in other examples, electrical traces for the circuitry 
may be integrated with the core and the emitters mounted 
directly to the core without use of an additional circuit board 
element. Different materials are selected as a trade off of 
manufacturing cost/complexity versus effective heat transfer. 

With respect to the shape of the bulbs 31 in FIGS. 1A-2, the 
bulb and overall lamp shape as well as the light output inten 
sity distribution correspond to current A-lamp parameters. 
Other bulb structures, however, may be used. A few examples 
include globe-and-stem arrangement for a decorative globe 
type omni-directional lighting; and R-lamp and Par-lamp 
style bulbs for different directed lighting applications. Some 
internal surfaces of the directional bulbs may be reflective, to 
promote the desired output distributions. 

In any of the various shapes, the bulb 31 can be a diffusely 
transmissive or transparent glass or plastic bulb and exhibit a 
form factor within standard size, and the output distribution 
oflight emitted via the bulb 31 conforms to industry accepted 
specifications, for a particular type of lamp product. Other 
appropriate transmissive materials may be used. For a diffuse 
outward appearance of the bulb, the output surface may be 
frosted white or translucent. Those skilled in the art will 
appreciate that these aspects of the lamp 30 facilitate use of 
the lamp as a replacement for existing lamps, such as incan 
descent lamps and compact fluorescent lamps. 
The pedestal 33 supports the solid state emitters 32 by way 

of a multi-surfaced three-dimensional thermal core providing 
the support for the solid state light emitters in the interior of 
the bulb. 31. A variety of multi-surfaced shapes may be used 
for a thermal core to support one or more solid state light 
emitters for outward emission. The three-dimensional ther 
mal core has three lateral Surfaces for Supporting the Solid 
state light emitters 32; and may or may not include an end face 
for Supporting one or more solid State light emitter 32a. Also, 
the example uses a number of emitters, although it may be 
possible to use as few as one emitter. The solid state light 
emitters 32 are supported on the three-dimensional thermal 
core. In certain examples, three packaged LEDs 32 are 
present on each of the lateral surfaces, and one LED 32a 
appears on an end face. LED32a is Supported on an end of the 
pedestal in Such an orientation so that a principal direction of 
emission of light from the at least one solid state light emitter 
is Substantially the same as or parallel with a longitudinal axis 
of the lamp. At least some of the LEDs 32 are supported on the 
pedestal in an orientation where principal directions of light 
emissions from respective emitters are radial outward from 
the pedestal through the bulb in different radial directions. 

In addition to the core, the pedestal includes a portion of a 
heat transfer element, represented by a heat pipe 38 (FIG. 2). 
Those skilled in the art will appreciate that other transfer 
elements may be used in place of the heat pipe, depending on 
cost/performance considerations. The heat pipe extends from 
the heatsink along alongitudinal axis of the light engine/lamp 
into a region surrounded by the bulb. The heat pipe is attached 
to the heat sink member so as to support the core and thus 
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support the solid state light emitters. An end face of the core 
includes an opening for insertion of the heat pipe into the core. 
A type of coupling with good heat transfer is provided in one 
of several ways. For example, a thermal adhesive may be 
provided, the core may soldered onto the heat pipe, or the core 
may be pressed or heat shrink fitted onto the heat pipe. 
Although the core and transfer element may be formed as an 
integral member, in the example, they are two separate ele 
ments joined or attached together. 
A flexible printed circuit board can include the solid state 

light emitters positioned on tabs of the flexible circuit board. 
The board may be rigid with flexibly connected tabs, the 
entire board may be flexible or some or all of the board may 
be bendable (e.g. with a bendable metal core). In certain 
examples the solid state emitters 32 are mounted on flexible 
circuit board and the flexible circuit board is fixedly secured 
to the three-dimensional thermal core by way of flexible tabs 
on which the solid state emitters 32 are mounted. When 
installed on the three-dimensional thermal core, each of the 
tabs can be bent to allow the tabs to be fixedly secured to the 
lateral sides of the three-dimensional thermal core by way of 
solder or a thermally conductive adhesive. An end face of the 
flexible circuit board can include a single solid state emitter 
32a and is fixedly secured to an end face of the three-dimen 
sional thermal core by way of solder or a thermally conduc 
tive adhesive. 

The printed circuit board and emitters may be attached to 
the faces of the core by an adhesive or a solder. If solder is 
used, the solder to first attach the emitters to the board may 
melt at a higher temperature than the solder used to attach the 
board to the core, to facilitate assembly. 

In certain specific examples, one emitter 32a is on the end 
face and three emitters 32 on each of the lateral surfaces of the 
core, with the emitters on each lateral Surface arranged in a 
line approximately parallel to the central longitudinal axis of 
the core/pipe/engine/lamp. Those skilled in the art will rec 
ognize that there may be different numbers of emitters on the 
end face and/or on any or all of the different lateral surfaces. 
Also, on any face or Surface having a number of emitters, the 
emitters may be arranged in a different pattern than that 
shown, for example, so as to adapt emitters in a different type 
of package or having a different individual output pattern can 
be arranged such that emissions from the solid state light 
emitters through the bulb sufficiently approximate light 
Source emissions from a filament of an incandescent lamp. 

Although not shown, alternative examples for including 
the solid state light emitters on the thermal core include 
packaged solid state light emitters, such as LEDs, positioned 
on a three-dimensional Solid printed circuit board core. In 
examples where the circuitry is formed integrally with the 
core, the core can be a ceramic material or thermally conduc 
tive plastic material with electrical traces, or a metallic core 
(such as aluminum) with a dielectric layer and traces (similar 
to metal core board construction). In yet another example, 
light emitting diode dies can be positioned on a three-dimen 
sional solid printed circuit board core. The core in that 
example can be a ceramic material or thermally conductive 
plastic material with electrical traces, or a metallic core (such 
as aluminum) with a dielectric layer and traces (similar to 
metal core board construction). As described in further detail 
for FIG. 2, a heat pipe or other thermal transfer element can 
serve a dual role for Supporting the Solid state emitters and 
assisting with removal of heat generated during operation of 
the solid state light emitters. 

The lamp base 35 (FIGS. 1A-2) may be any common 
standard type of lamp base, to permit use of the lamp 30/40 in 
a particular type of lamp socket. The lamp base 35 may have 
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electrical connections for a single intensity setting or addi 
tional contacts in Support of three-way intensity setting/dim 
ming. Common examples of lamp bases include an Edison 
base, a mogul base, a candelabra base and a bi-pin base. It is 
understood that an adaptor (intermediate to the base 35 and 
heat sink 36) can be used to accommodate the different sizes 
of standard lamp bases for attachment at the modular cou 
pling on the heat sink of the lamp 30/40. For simplicity, two 
examples of lamp bases are shown in FIGS. 4 and 5. 

FIG. 4 is a plan view of a screw type lamp base, such as an 
Edison base or a candelabra base. For many lamp applica 
tions, the existing lamp Socket provides two electrical con 
nections for AC main power. The lamp base in turn is config 
ured to mate with those electrical connections. FIG. 4 is a plan 
view of a two connection screw type lamp base 60. Such as an 
Edison base or a candelabra base. As shown, the base 60 has 
a center contact tip 61 for connection to one of the AC main 
lines. The threaded screw section of the base 60 is formed of 
metal and provides a second outer AC contact at 62, Some 
times referred to as neutral or ground because it is the outer 
casing element. The tip 61 and screw thread contact 62 are 
separated by an insulator region (shown in gray). 

FIG. 5 is a plan view of a three-way dimming screw type 
lamp base. Such as for a three-way mogul lamp base or a 
three-way medium lamp base. Although other base configu 
rations are possible, the example is that for a screw-in base 63 
as might be used in a three-way mogul lamp or a three-way 
medium lamp base. As shown, the base 63 has a centercontact 
tip 64 for a low power connection to one of the AC mainlines. 
The three-way base 63 also has a lamp Socket ring connector 
65 separated from the tip 64 by an insulator region (shown in 
gray). A threaded screw section of the base 63 is formed of 
metal and provides a second outer AC contact at 66, Some 
times referred to as neutral or ground because it is the outer 
casing element. The socket ring connector 65 and the screw 
thread contact 66 are separated by an insulator region (shown 
in gray). 
Many of the components, in the form of a light engine, can 

be shared between different types/configurations of lamps. 
For example, the heat sink and pedestal may be the same for 
an Edison mount Alamp and for three-way Alamp. The lamp 
bases would be different. The drive circuitry would be differ 
ent, and possibly the number and/or rated output of the emit 
ters may be different. 
The solid state light emitters in the various exemplary 

lamps may be driven/controlled by a variety of different types 
of circuits. Depending on the type of Solid state emitters 
selected for use in a particular lamp product design, the solid 
state emitters may be driven by AC current, typically recti 
fied; or the solid state emitters may be driven by a DC current 
after rectification and regulation. The degree of control may 
be relatively simple, e.g. ON/OFF in response to a switch, or 
the circuitry may utilize a programmable digital controller, to 
offer a range of Sophisticated options. Intermediate levels of 
Sophistication of the circuitry and attendant control are also 
possible. 
As shown in cross-section in FIG. 2, vertically positioned 

circuit board 37 is illustrated. The circuit board 37 is the 
circuitry provided for driving the plurality of solid state light 
emitters and is positioned inside the lamp base 35. In this 
example the circuit board 37 extends vertically upward from 
the base in an interior space within the heat sink36. As shown 
in FIG. 2, the heat pipe 38 coils around a portion of the circuit 
board 37. The lamp 40 in FIG. 2 has a lighting industry 
standard lamp base 35 modularly connected to the heat sink 
36 and electrically connected to provide alternating current 
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electricity to the circuit board 37 for driving the solid state 
light emitters 32 supported on the pedestal. 
The examples also encompass heat dissipation technology 

to provide good heat conductivity so as to facilitate dissipa 
tion of heat generated during operation of the solid state light 5 
emitters 32. Hence, the exemplary lamp 30 in FIGS. 1A-1B or 
40 in FIG. 2 includes one or more elements forming a heat or 
thermal handling system for receiving heat produced by the 
Solid state light emitters 32 and transferring that heat to a sink 
for dissipation to the ambient atmosphere. Active dissipation, 10 
passive dissipation or a combination thereof may be used, 
although the illustrated examples do not include an active 
heat dissipation component. In the examples, the thermal 
handling system includes the core formed on or attached to a 
portion of the heat pipe or other heat transfer element and a 15 
heat sink coupled to an opposite end of the heat transfer 
element. The fins 36a/36a' on the heat sink extend along the 
outside of the lamp between the bulb and the lamp base and 
include one or more openings or passages between the fins, 
for allowing flow of air, to dissipate heat from the fins 36a? 20 
36a' of the heat sink36/36'. Although not shown, air passages 
may also be provided through the coupling of the heat sink to 
the bulb and or to/from the interior of the inner optical pro 
cessing member to allow flow of air around the emitters and 
venting thereof to the exterior of the lamp. 25 

Light emitted from the solid state emitters 32 is permitted 
to pass out upward and laterally through the bulb 31 and 
Substantially downward between the spacing between adja 
cent fins 36a/36a'. Thus, light from the solid state emitters is 
dispersed upwards, laterally and downward, for example, for 30 
omni-directional lighting of a room from a table or floor lamp. 
The orientation shown, however, is purely illustrative. The 
lamp 30/40 may be oriented in any other direction appropriate 
for the desired lighting application, including downward, any 
sideways direction, various intermediate angles, etc. 35 
The light output intensity distribution from the lamp 30/40 

corresponds at least substantially to that currently offered by 
A-lamps. Other bulb/container structures, however, may be 
used; and a few examples include a bulb-and-stem arrange 
ment for a decorative globe lamp type omni-directional light- 40 
ing, as well as R-lamp and Par-lamp style bulbs for different 
directed lighting applications. At least for Some of the 
directed lighting implementations, Some internal Surfaces of 
the bulbs may be reflective, to promote the desired output 
distributions. 45 

The heat pipe 38 is provided to assist in the removal of heat 
generated by the solid state emitters 32 present on the pedes 
tal. The heat pipe is a heat transfer mechanism that combines 
the principles of both thermal conductivity and phase transi 
tion to efficiently manage the transfer of heat. In FIG. 2, solid 50 
state light emitters near the end of the heat pipe inside the bulb 
generate heat. This heat should be effectively removed in 
order to prolong the operating life of the Solid state emitters. 
At the hot interface within the heat pipe, a liquid contained 
within the heat pipe comes into contact with a thermally 55 
conductive solid Surface adjacent to the solid state light emit 
ters and turns into a vapor by absorbing heat from that surface. 
The vapor condenses back into a liquid at a cold interface 
away from the solid state light emitters, releasing the latent 
heat to the heat sink for dissipation through the fins to the air 60 
in the gaps between adjacent fins 36a/36a' of the heat sink 
36/36. The liquid then returns to the hot interface adjacent the 
light emitters through capillary action where it evaporates 
once more and repeats the cycle. In addition, the internal 
pressure of the heat pipe can be set or adjusted to facilitate the 65 
phase change depending on the demands of the working 
conditions of the lighting application of the lamp. 

14 
The modularity of the solid state lamp will now be 

described further with reference to FIG. 2. The heat sink 36 
includes a first modular-coupling 36b for attachment of one of 
the various different lighting industry standard lamp bases 35. 
The heatsink36 also includes a second modular-coupling 36c 
for attachment of one of the different types of bulbs 31 each 
corresponding to a respective one of the applicable industry 
standard types of lamps. The heat sink36 has an optional third 
modular-coupling 36d for attachment of one of a number of 
different types of light transmissive optical processing mem 
bers 34 radially surrounding and spaced from the solid state 
light emitters 32. The optical processing member 34 may be 
transparent or diffusely transmissive, without phosphor. In 
most examples, however, the member 34 also serves as the 
carrier for providing remote deployment of a phosphor mate 
rial to process light from the solid state emitters 32. Different 
phosphor mixtures or formulations, deployed by different 
members 34 enable different instances of the lamp to produce 
white light as an output of the lamp through the bulb at 
different color temperatures. Some different phosphor formu 
lations also offer different spectral qualities of the white light 
output. 
As further shown in FIG. 2, the heat pipe 38 extends 

upward from the heat sink36 along a longitudinal axis of the 
light engine into a region to be surrounded by the bulb 31 
when attached to the heat sink 36 at the second modular 
coupling 36c, the heat pipe 38 providing heat conductivity to 
and being supported by the heat sink 36. Multiple solid state 
light emitters 32 are Supported on the heat pipe in orientations 
to emit light outward from the pedestal such that emissions 
from the solid state light emitters 32 through the bulb 31 when 
attached to the heat sink 36 approximate light source emis 
sions from a filament of an incandescent lamp as discussed 
above with regard to earlier examples. 
As noted earlier, a variety of multi-surfaced shapes may be 

used for a core to support one or more solid state light emit 
ters. In the example shown in FIG. 2, the heat pipe end 
Supporting the solid State light emitters 32 and positioned 
within the cavity of bulb 31, can be molded or shaped in a 
multi-surfaced three-dimensional core with three lateral Sur 
faces to support the solid state light emitters 32. Thus, in this 
example, the heat pipe also integrates the core of the pedestal 
for Supporting the Solid state emitters. In the example shown 
in FIG. 1A, the pedestal includes a three-dimensional thermal 
core and an end of the heat pipe together providing the Sup 
port for the solid state light emitters 32, and the three-dimen 
sional thermal core has three lateral Surfaces Supporting solid 
state light emitters 32 and an end face Supporting at least one 
solid state light emitter 32a. As further shown in FIG. 2, 
circuitry in the form of circuit board 37, is at least partially 
enclosed by the heat sink connected to drive the solid state 
emitters 32 in response to electricity received from lamp base 
35 when attached to the heat sink 36 at the first modular 
coupling 36b. 
The modular coupling capability of the heat sink 36, 

together with the bulb and base that connect to the heat sink, 
provide a light engine portion of the lamp for generating 
white light. Theoretically, the engine and bulb could be 
modular in design to allow a user to interchange glass bulbs, 
but in practice the lamp is an integral product. The light 
engine may be standardized across several different lamp 
product lines (A-lamps, R-lamps, Par-lamps or other styles of 
lamps, together with Edison lamp bases, three-way medium 
lamp bases, etc.). The modularity facilitates assembly of 
common elements forming the light engine together with the 
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appropriate bulb and base (and possibly different drive cir 
cuits on the internal board), to adapt to different lamp appli 
cations/configurations. 
As referenced above, the lamp described in certain 

examples will include or have associated therewith remote 
phosphor deployment. The phosphor(s) will be external to the 
Solid state light emitters 32. As such, the phosphor(s) are 
located apart from the semiconductor chips of the Solid state 
emitters used in the particular lamp, that is to say remotely 
deployed with respect to the solid state emitters. The phos 
phor(s) are of a type for converting at least Some portion of 
light from the solid state light emitters from a first spectral 
characteristic to a second spectral characteristic, to produce a 
white light output of the lamp from the bulb. 
As shown in FIGS. 1A-2, an inner optical processing mem 

ber 34 remotely deploys the phosphor(s) with respect to the 
solid state light emitters 32. In conjunction with the phosphor 
bearing inner member 34, or as an alternative, the phosphor 
can be deployed on an inner surface of the bulb 31 facing the 
Solid state light emitters. Although one or both may be trans 
parent, the inner member 34 alone, or together with the bulb 
31 can be diffusely transmissive. 

For the lamp implementations with remotely deployed 
phosphor, the member and its Support of the phosphor may 
take a variety of different forms. Solid examples of the mem 
ber 34 may be transparent or diffusely transmissive. Glass, 
plastic and other materials are contemplated for the member 
34. The phosphors may be embedded in the material of the 
member or may be coated on the inner surface and/or the 
outer surface of the member 34. The member may also allow 
air flow, for example, through passages (not shown). In 
another approach, the member 34 is formed of a permeable 
mesh coated with the phosphor material. 
The inner member 34 of the examples shown in FIGS. 

1A-2, is a cylinder and dome like structure. Those skilled in 
the art will recognize that other shapes may be used for the 
member, Such as a globe on a stalk, a hemisphere or even 
multi-sided shapes like various polygon shapes. The inner 
member is made of a material that is at least partially light 
transmissive and radially and longitudinally extends around 
the Solid state light emitters that are Supported on the pedestal 
between an inner surface of the bulb and the solid state light 
emitters. The inner member 34 is positioned around the solid 
state light emitters 32 and can include one or more remotely 
deployed phosphors. In a particular example, one or more 
semiconductor nanophosphors can be dispersed on an inner 
and/or outer Surface of the inner member, such as by spray 
coating (or other industry recognized phosphor application 
technique) of the one or more semiconductor nanophosphors 
with a carrier/binder on a transmissive or diffusely transmis 
sive surface of the inner member 34. 

In certain alternative examples, shown in FIG. 9, the inner 
member 43 forms at least one wall of a gas-tight container 40 
enclosing the phosphor 42. The gas-tight container 40 is filled 
with a gas 41 that is at least Substantially oxygen free, that is 
to say, has an oxygen level that is low as commercially fea 
sible. Examples of a Suitable gas 41 include nitrogen. By 
preventing exposure of the nanophosphors to oxygen, the 
operating life of the nanophosphors increases. In the example 
of FIG. 9, the bulb and the inner member together form a 
container for the gas and the phosphor. The nanophosphor 
could be coated on the interior of the bulb, although in the 
example, the nanophosphor is coated on the Surface of the 
member within the container (opposite the surface of the 
member facing the emitters). 
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FIG.10 illustrates yet another example of remote phosphor 

deployment using a gas 41. Such as nitrogen, that is at least 
substantially oxygen free. The example in FIG. 10 is similar 
to the structure for FIG. 1A. An inner surface of the inner 
member 34 facing the pedestal 33 and solid state emitters 32 
is coated or impregnated with phosphor material. Nitrogen 
gas 41 is provided in the spacing between the pedestal 33 and 
the inner member 34. The globe is modularly connected to an 
upper surface of the heat sink36 by way of modular-coupling 
region 36c. The pedestal with the emitters would be inserted 
into the interior volume enclosed by the member 34, the 
nitrogen or other oxygen free/low oxygen gas would be Sup 
plied into that volume and the volume sealed. 

In another example, an oxygen barrier is formed by the 
outer bulb allowing the inner member to be gas permeable. 

In the example of FIG. 11, no inner member is present, but 
instead the phosphor 42 is deployed on an inside Surface of 
the bulb 31 facing the solid state light emitters (not shown). 
As outlined earlier, the Solid state lamps in the examples 

produce light that is at least Substantially white. Although 
output of the light from the emitters may be used, the color 
temperature and/or spectral quality of the output light may be 
relatively low and less than desirable, particularly for high 
end lighting applications. Thus, many of the examples add 
remote phosphor to improve the color temperature and/or 
spectral qualities of the white light output of the lamps. 
A variety of conventional phosphors may be used. 

Recently developed quantum dot (Q-dot) phosphors or doped 
quantum dot (D-dot) phosphors may be used. Phosphors 
absorb excitation energy then re-emit the energy as radiation 
of a different wavelength than the initial excitation energy. 
For example, some phosphors produce a down-conversion 
referred to as a “Stokes shift in which the emitted radiation 
has less quantum energy and thus alonger wavelength. Other 
phosphors produce an up-conversion or Anti-Stokes shift.” 
in which the emitted radiation has greater quantum energy 
and thus a shorter wavelength. Quantum dots (Q-dots) pro 
vide similar shifts in wavelengths of light. Quantum dots are 
nano Scale semiconductor particles, typically crystalline in 
nature, which absorb light of one wavelength and re-emit 
light at a different wavelength, much like conventional phos 
phors. However, unlike conventional phosphors, optical 
properties of the quantum dots can be more easily tailored, for 
example, as a function of the size of the dots. In this way, for 
example, it is possible to adjust the absorption spectrum and/ 
or the emission spectrum of the quantum dots by controlling 
crystal formation during the manufacturing process So as to 
change the size of the quantum dots. Thus, quantum dots of 
the same material, but with different sizes, can absorb and/or 
emit light of different colors. For at least some exemplary 
quantum dot materials, the larger the dots, the redder the 
spectrum of re-emitted light; whereas Smaller dots produce a 
bluer spectrum of re-emitted light. Doped quantum dot 
(D-dot) phosphors are similar to quantum dots, but are also 
doped in a manner similar to doping of a semiconductor. 
Variation in the proportions or percentages of different phos 
phors with respect to the total amount of phosphors in a mix 
adapts a particular lamp design to output different color tem 
peratures of white light. 

In some examples using phosphor luminescence, the Solid 
state emitters produce light that is at least Substantially white. 
In certain white light examples, the Solid state light emitters 
are emitters for emitting light that is at least Substantially 
white at a color temperature greater than 4.260 Kelvin, e.g. 
at a first color temperature of approximately 5,000 Kelvin or 
even higher. In these implementations, phosphor(s) remotely 
deployed in the lamp via the member 34 convert some of that 



US 8,461,752 B2 
17 

light so that the lamp output is at least substantially white, but 
at a second color temperature lower than the first color tem 
perature. In these examples, the phosphors are selected and 
mixed so as to convert enough of the light from white light 
LEDs at the first color temperature emitted to produce a 
combined output of the lamp that exhibits color temperature 
in one of four specific ranges along the black body curve 
listed in Table 1 below. 

TABLE 1. 

Nominal Color Temperatures and Corresponding 
Color Temperature Ranges 

Nominal Color Color Temp. 
Temp. (Kelvin) Range ( Kelvin) 

2700 2725 145 
3OOO 3O4S 175 
3500 3465. 245 
4OOO 3985 275 

10 

15 

18 
using a number of semiconductor nanophosphors. The phos 
phorbearing material may use a combination of semiconduc 
tor nanophosphors, or a combination of one or more nano 
phosphors with at least one rare earth phosphor. 

In Table 1 above, each nominal color temperature value 
represents the rated or advertised temperature as would apply 
to particular lamp using white light LEDs having an output 
color temperature within the corresponding range. The color 
temperature ranges fall along the black body curve. FIG.6A 
shows the outline of the CIE 1931 color chart, and the curve 
across a portion of the chart represents a section of the black 
body curve that includes the desired CIE color temperature 
(CCT) ranges. The light may also vary somewhat in terms of 
chromaticity from the coordinates on the black body curve. 
The quadrangles shown in the drawing represent the respec 
tive ranges of chromaticity for the nominal CCT values. Each 
quadrangle is defined by the range of CCT and the distance 
from the black body curve. Table 2 below provides chroma 
ticity specifications for the four color temperature ranges. The 
x, y coordinates define the center points on the black body 
curve and the vertices of the tolerance quadrangles diagram 
matically illustrated in the color chart of FIG. 6A. 

TABLE 2 

Chromaticity Specification for the Four Nominal Values/CCT Ranges 

Center point 

Tolerance 
Quadrangle 

In Table 1, each nominal color temperature value repre 
sents the rated or advertised temperature as would apply to 
particular lamp having an output color temperature within the 
corresponding range. 
As noted a variety of phosphors may be used. In the 

examples using white light emitters, for example, mixtures of 
quantum dot (Q-dot) type semiconductor nanophosphors are 
available to produce the white light output at the desired color 
temperature. To improve the spectral quality of the output 
light a rare earth phosphor may be added to or substituted into 
a mixture of the quantum dot (Q-dot) type semiconductor 
nanophosphors, for any one or each of the mixtures for pro 
ducing the output in the desired color temperature range. The 
excited phosphor(s) together with light from the emitters 
produce output light from the lamp that is at least Substan 
tially white and has a color rendering index (CRI) of 75 or 
higher. With any of these phosphor strategies using white 
light emitters (see e.g., FIG.3A), the implementations can use 
different phosphor combinations/mixtures deployed via dif 
ferent instances of the inner member 34 to produce lamps 
with white light output at different color temperatures and/or 
of different spectral quality. 
One or two of the nanophosphors may be used to produce 

a relatively mono-chromatic light output or a light output that 
appears somewhat less than full white to a person. However, 
in many commercial examples for general lighting or the like, 
the lamp produces white light of desirable characteristics 
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2725 145 3O4S 175 3465. 245 3985 275 
Nominal CCT 

2700°K 3OOOK - SOO. K- 4OOOK 

X y X y X y X y 

O.4578 O.4101 0.4338 0.4030 0.4O73 0.3917 O.3818 O.3797 
O.4813 O-4319 O.4562 O4260 0.4299 O.4165 0.4006 O4044 
O4562 O.426 O.4299 O.416S O.3996 O.4O15 0.3736 0.3874 
O.4373 0.3893 0.4147 0.3814 O.3889 O.369 O.367 0.3578 
O.4593 0.394.4 O.4373 0.3893 0.4147 0.3814 O.3898 0.3716 

Another approach, offering yet higher spectral quality at 
the specified color temperatures and/or at additional color 
temperature ranges and listed later (see Table 3), uses solid 
state light emitters 32 of any type rated to emit energy of 
wavelengths from the blue/green region around 460 nm down 
into the UV range below 380 nm (see e.g., FIG. 3B). Some 
specific examples use a 450 nm type emitter, whereas other 
specific examples use a 405 nm emitter. In these arrange 
ments, the phosphorbearing material may use a combination 
of semiconductor nanophosphors, a combination of one or 
more nanophosphors and optionally one or more other phos 
phor(s) including rare earth phosphors, or a combination in 
which one or more of the phosphors is a doped semiconductor 
nanophosphor. For example, with 450 nm type emitters, the 
mixture may contain one or more semiconductor nanophos 
phors with at least one rare earth phosphor; whereas with 405 
nm type emitters, the mixture may contain one or more doped 
semiconductor nanophosphors although the mixture may 
also include a rare earth or other conventional phosphor. Each 
phosphor or nanophosphor is of a type for converting at least 
Some portion of the wavelength range from the particular 
solid state emitters to a different range of wavelengths. The 
combined emissions of the pumped phosphors alone or in 
combination with some portion of remaining light from the 
emitters results in a light output that is at least Substantially 
white, is at a desired color temperature and may exhibit other 
desired white light characteristics. In these specific examples, 
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the one or more of the phosphors is a doped semiconductor 
nanophosphor. The doped semiconductor nanophosphoris of 
a type for converting at least some portion of the wavelength 
range from the Solid state emitters to a different range of 
wavelengths. The combined emissions of the pumped phos 
phors alone or in combination with some portion of remain 
ing light from the emitters results in a light output that is at 
least Substantially white, is at a desired color temperature and 
may exhibit other desired white light characteristics. 
The selected phosphors are excitable by the relevant spec 

trum of light from the solid state light emitters 32. When 
excited by light emitted by the solid state light emitters, each 
phosphor in a mixture emits visible light in a characteristic 
emission spectrum. 

At least for Some types of phosphors, e.g. doped semicon 
ductor nanophosphors, the various emission spectra are sepa 
rated from the absorption spectra of the nanophosphors 
included in a light output from the lamp. This tends to reduce 
re-absorption of phosphor emissions. 
The upper limits of the absorption spectra of certain nano 

phosphors are at or below 460 nm, for example, around 430 
nm. However, exemplary nanophosphors (particularly doped 
nanophosphors) are relatively insensitive to other ranges of 
visible light often found in natural or other ambient white 
visible light. Hence, when the lamp 30/40 using such phos 
phors is off, the semiconductor nanophosphors will exhibit 
little or no light emissions that might otherwise be perceived 
as color by a human observer. Even though not emitting, the 
particles of the semiconductor nanophosphor may have some 
color, but due to their absorption spectrum and location inside 
the bulb, the overall effect is that the nanophosphor(s) cause 
little or no perceptible tint. 
One or two of the nanophosphors may be used to produce 

a relatively mono-chromatic light output or a light output that 
appears somewhat less than full white to a person. However, 
in many commercial examples for general lighting or the like, 
the lamp produces white light of desirable characteristics 
using a number of semiconductor nanophosphors. 

With these various types of phosphor mixtures excited by 
the narrower band energy from the emitters, e.g. from 405 or 
450 nm LEDs in our most specific examples, when excited, 
each phosphor in the lamp re-emits visible light of a different 
spectral characteristic. However, each Such phosphor emis 
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sion has a somewhat different spectrum. When excited by the 
light received from the solid state light emitters, the phos 
phors together cause the lamp to produce visible light output 
of a desired characteristic, which is at least substantially 
white and has a color rendering index (CRI) of 75 or higher. 
The lamp output light produced by this excitation of the 
semiconductor nanophosphors exhibits color temperature in 
one of several desired ranges as specified earlier in Table 3. 

TABLE 3 

Nominal Color Temperatures and Corresponding 
Color Temperature Ranges 

Nominal Color Color Temp. 
Temp. ( Kelvin) Range ( Kelvin) 

2700 2725 145 
3OOO 3O4S 175 
3500 3465. 245 
4OOO 3985 275 
4500 4503 - 243 
SOOO SO28, 283 
5700 5665 355 
6500 6530 S10 

In Table 3, each nominal color temperature value repre 
sents the rated or advertised temperature as would apply to 
particular lamp product having an output color temperature 
within the corresponding range. The color temperature ranges 
fall along the black body curve (Planckian locus). FIG. 6B 
shows the outline of the CIE 1931 color chart, and the curve 
across a portion of the chart represents a section of the black 
body curve that includes the desired CIE color temperature 
(CCT) ranges. The light may also vary somewhat in terms of 
chromaticity from the color coordinates of points on the black 
body curve. The quadrangles shown in the drawing represent 
the respective ranges of chromaticity for the nominal CCT 
values. Each quadrangle is defined by the range of CCT and 
the distance from the black body curve. Tables 4 and 5 below 
provides chromaticity specifications for the eight exemplary 
color temperature ranges of FIG. 6B. The x, y coordinates 
define the center points on the black body curve and the 
Vertices of the tolerance quadrangles diagrammatically illus 
trated in the color chart of FIG. 6B. 

TABLE 4 

Chromaticity Specification for Nominal Values/CCT Ranges 
(for rated/nominal CCTs of 2700° K to 4000 K) 

CCT Range 

2725 145 3O4S 175 3465. 245 3985 275 

Nominal CCT 

2700°K 3OOOK 3SOOK 4OOOK 

X y X y X y X y 

O.4578 O.4101 0.4338 0.4030 0.4O73 0.3917 O.3818 O.3797 

O.4813 O-4319 O.4562 O4260 0.4299 O.4165 0.4006 O4044 

O.4562 0.4260 0.4299 O.416S O.3996 O.4O15 0.3736 0.3874 

O.4373 0.3893 0.4147 0.3814 O.3889 O.3690 O.3670 0.3578 

O.4593 0.394.4 O.4373 0.3893 0.4147 0.3814 O.3898 0.3716 



21 
TABLE 5 

US 8,461,752 B2 

Chromaticity Specification for Nominal Values/CCT Ranges 
for rated nominal CCTs of 4500K to 65.00°K 
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CCT Range 

4503 - 243 SO28, 283 566S 355 6530 S10 
Nominal CCT 

4500°K SOOOK 5700°K 6SOOK 

X y X y X y X y 

Center point 0.3611 0.3658 0.3447 0.3553 0.3287 0.3417 0.3123 0.3282 
O.3736 0.3874 O.3551 O.376O O.3376 O.3616 0.32OS 0.3481 

Tolerance O.3S48 0.3736 0.3376 O.3616 0.32O7 O.3462 0.3028 0.3304 
Quadrangle O.3512 0.3465 0.3366 0.3369 O.3222 O.3243 O.3068 0.3113 

O.367O O.3578 O.3515 O.3487 0.3366 0.3369 O.3221 O.3261 

The solid state lamp could use a variety of different com 
binations of phosphors to produce any output within a 
selected one of the CCT and chromaticity ranges of Tables 
3-5. The phosphors are selected and combined in amounts 
that cause the output of the lighting device to exhibit the 
desired characteristics, in this case, to achieve a color tem 
perature in a particular one of the ranges of Tables 3-5 and a 
high color rendering index. Different lamps designed for 
different color temperatures of white output light and/or 
using different types of narrow band emitter would use dif 
ferent formulations of mixtures of doped semiconductor 
nanophosphors. For example, combinations of semiconduc 
tor nanophosphors alone or with addition of a rare earth 
phosphor can produce such light when driven by a narrow 
band type LED rated for blue-green emission, such as a 450 
nm LED. Semiconductor nanophosphors as might be used in 
these examples are available from NNCrystal of Fayetteville, 
Ark. and from QD Vision of Watertown, Mass. Conventional 
phosphors, including rare earth phosphors, for use with the 
semiconductor nanophosphors are available from a variety of 
Vendors. 
Some phosphor mixes can provide higher quality spectral 

content in the desired temperature ranges, for example, 
including close correspondence to or approximation of a sec 
tion of the black body radiation spectrum for the rated color 
temperature. For these still higher light quality lamp prod 
ucts, our examples use at least two doped semiconductor 
nanophosphors that may be excited by at least Some wave 
lengths in the 380-460 nm range. In certain of these examples, 
each solid state light emitter 32 is a near UV emitting LED, 
such as a 405 nm LED. Although other types of semiconduc 
tor nanophosphors are contemplated, we will also assume for 
the following discussion of these black body quality 
examples that each nanophosphor is a doped semiconductor 
of a type excited in response to light from the Solid state light 
emitters. 

Different black body quality examples of lamps designed 
for different color temperatures of white output light would 
according to Tables 3-5 use different formulations of mix 
tures of doped semiconductor nanophosphors. 

In these latest examples, the lamp 30 (or lamp 40) could use 
a variety of different combinations of doped semiconductor 
nanophosphors alone or in combination with other 
phosphor(s) to produce Such an output. Examples of Suitable 
doped type semiconductor nanophosphors are available from 
NNCrystal of Fayetteville, Ark. In a specific example, one or 
more of the doped semiconductor nanophosphors comprise 
Zinc selenide quantum dots doped with manganese or copper. 
The selection of one or more Such nanophosphors excited 
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mainly by the low end (460 nm or below) of the visible 
spectrum and/or by UV energy together with dispersion of the 
nanophosphors in an otherwise clear material minimizes any 
potential for discolorization of the lamp when the lamp in its 
off-state that might otherwise becaused by the presence of a 
phosphor material. 

FIG. 7A is a radiation spectrum graph showing a wave 
length range in the visible spectrum from 400 nm to 700 nm. 
The four curves shown on that graph represent the four dif 
ferent emission spectra of the exemplary blue, green, orange 
and red semiconductor nanophosphors used in the specific 
examples. The graph of FIG. 7A shows the phosphor emis 
sions as having the same output intensity level, e.g. in a 
fashion normalized with respect to intensity. 

In FIG. 7A, the leftmost curve represents the blue phosphor 
emissions. The blue phosphor is a doped semiconductor type 
nanophosphor. Although not shown, the absorption spectrum 
for this phosphor will include the 380-420 nm near UV range 
and extend into the UV range, but that absorption spectrum 
drops substantially to 0 (has an upper limit) about 450 or 460 
nm. This phosphor exhibits a large Stokes shift from the short 
wavelength(s) of absorbed light to the longer wavelengths of 
re-emitted light. The emission spectrum of this blue phosphor 
has abroad peak in the wavelength region humans perceive as 
blue, e.g. centered around a wavelength approximately in the 
range of 470 to 475 nm in the illustrated example. The main 
peak of the emission spectrum of the phosphor is well above 
the absorption spectra of the various other semiconductor 
nanophosphors and well above its own absorption spectrum, 
although in the case of the blue example, there may be just a 
Small amount of emissions in the region of the phosphor 
absorption spectra. As a result, blue emissions from this 
doped semiconductor nanophosphor would re-excite that 
phosphor at most a minimal amount. The absorption spec 
trum at or below 460 nm would be below the emission spec 
trum of the other three phosphors. Hence, the blue phosphor 
emissions would be subject to relatively little phosphor re 
absorption, even in mixtures containing the other semicon 
ductor nanophosphors. As shown, however, the blue phos 
phor provides a relatively broad radiation spectrum, as might 
appear as a pastel blue to a human observer. 

In FIG. 7A, the next curve represents the green phosphor 
emissions. The green phosphoris another doped semiconduc 
tornanophosphor. The absorption spectrum for this phosphor 
includes the 380-420 nm near UV range and extends down 
into the UV range, but that absorption spectrum drops sub 
stantially to 0 (has an upper limit) somewhere around or a bit 
below 450 nm. As noted, the phosphor exhibits a large Stokes 
shift from the short wavelength(s) of absorbed light to the 
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longer wavelengths of re-emitted light. The emission spec 
trum of this green phosphor has a fairly broad peak in the 
wavelength region humans perceive as green, e.g. centered 
around approximately 550 nm in the illustrated example. 
Again, the emission spectrum of this phosphor is well above 
the absorption spectra of the other doped semiconductor 
nanophosphors and well above its own absorption spectrum. 
The absorption spectrum at or below 460 nm would be below 
the emission spectrum of the other three phosphors, except 
possibly for some small overlap with the blue emission spec 
trum. As a result, green emissions from the second doped 
semiconductor nanophosphor would not re-excite that phos 
phor and would not substantially excite the other semicon 
ductor nanophosphors if mixed together. Stated another way, 
the green phosphor emissions would be subject to little or no 
phosphor re-absorption, even in mixtures containing the other 
doped semiconductor nanophosphors. As shown, however, 
the green phosphor provides a relatively broad radiation spec 
trum, as might appear as a pastel green to a human observer. 

The third line of the graph shows the emission spectrum for 
an orange emitting doped semiconductor nanophosphor. 
Although not shown, the absorption spectrum for this third 
phosphor also includes the 380-420 nm near UV range and 
extends down into the UV range, but that absorption spectrum 
drops substantially to 0 (has an upper limit) about 450 or 460 
nm. This phosphor also exhibits a large Stokes shift from the 
short wavelength(s) of absorbed light to the longer wave 
lengths of re-emitted light. The emission spectrum of this 
phosphor has a broad peak in the wavelength region humans 
perceive as orange, e.g. centered around a wavelength in a 
range of say 600-610 nm in the illustrated example. Again, the 
emission spectrum of the phosphor is well above the illus 
trated absorption spectra of the other doped semiconductor 
nanophosphors and well above its own absorption spectrum. 
The absorption spectrum at or below 460 nm would be below 
the emission spectrum of the other three phosphors, except 
possibly for some small overlap with the blue emission spec 
trum. As a result, orange emissions from the third doped 
semiconductor nanophosphor would not substantially re-ex 
cite that phosphor and would not substantially excite the other 
semiconductor nanophosphors if mixed together. Stated 
another way, the orange phosphor emissions also should be 
Subject to little or no phosphor re-absorption, even in mix 
tures containing the other semiconductor nanophosphors. As 
shown, however, the orange phosphor provides a relatively 
broad radiation spectrum, as might appear as a pastel orange 
to a human observer. 

For example, to increase the emissions of the lamp at the 
higher wavelength range of the 210 nm wide portion of the 
visible spectrum, the mixture used further includes a red 
emitting phosphor. Although doped semiconductor nano 
phosphors could be used, this example, assumes that the red 
phosphor is a cadmium based semiconductor nanophosphor 
(non-doped). Although not shown, the absorption spectrum 
for this fourth phosphor also includes the 380-420 nm near 
UV range. Depending on the phosphor used, the absorption 
spectrum may extend down into the UV range or may extend 
Somewhat up into the blue range. In the later case, the red 
phosphor may be somewhat Subject to more re-absorption of 
and excitation in response to emissions from the other phos 
phors, than was the case for the doped semiconductor nano 
phosphors. The emission spectrum of this fourth phosphor 
has abroad peak in the wavelength region humans perceive as 
red, e.g. centered approximately around 650 nm in the 
example. 
Doped semiconductor nanophosphors exhibit a large 

Stokes shift, that is to say from a short-wavelength range of 
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24 
absorbed energy up to a fairly well separated longer-wave 
length range of emitted light. FIG. 7B shows the absorption 
and emission spectra of three examples of doped semicon 
ductor nanophosphors. Each line of the graph also includes an 
approximation of the emission spectra of the 405 nm LED 
chip, to help illustrate the relationship of the 405 nm LED 
emissions to the absorption spectra of the exemplary doped 
semiconductor nanophosphors. The illustrated spectra are not 
drawn precisely to Scale but in a manner to provide a teaching 
example to illuminate our discussion here. 
The top line (a) of the graph shows the absorption and 

emission spectra for an orange emitting doped semiconductor 
nanophosphor. The absorption spectrum for this first phos 
phor includes the 380-420 nm near UV range, but that absorp 
tion spectrum drops Substantially to 0 (has an upper limit) 
somewhere around or a bit below 450 nm. As noted, the 
phosphor exhibits a large Stokes shift from the short wave 
length(s) of absorbed light to the longer wavelengths of re 
emitted light. The emission spectrum of this first phosphor 
has a fairly broad peak in the wavelength region humans 
perceive as orange. Of note, the emission spectrum of this first 
phosphor is well above the illustrated absorption spectra of 
the other doped semiconductor nanophosphors and well 
above its own absorption spectrum. As a result, orange emis 
sions from the first doped semiconductor nanophosphor 
would not re-excite that phosphor and would not excite the 
other doped semiconductor nanophosphors if mixed together. 
Stated another way, the orange phosphor emissions would be 
Subject to little or no phosphor re-absorption, even in mix 
tures containing one or more of the other doped semiconduc 
tor nanophosphors. 
The next line (b) of the graph in FIG.7B shows the absorp 

tion and emission spectra for a green emitting doped semi 
conductor nanophosphor. The absorption spectrum for this 
second phosphor includes the 380-420 nm near UV range, but 
that absorption spectrum drops Substantially to 0 (has an 
upper limit) about 450 or 460 nm. This phosphor also exhibits 
a large Stokes shift from the short wavelength(s) of absorbed 
light to the longer wavelengths of re-emitted light. The emis 
sion spectrum of this second phosphor has abroad peak in the 
wavelength region humans perceive as green. Again, the 
emission spectrum of the phosphor is well above the illus 
trated absorption spectra of the other doped semiconductor 
nanophosphors and well above its own absorption spectrum. 
As a result, green emissions from the second doped semicon 
ductor nanophosphor would not re-excite that phosphor and 
would not excite the other doped semiconductor nanophos 
phors if mixed together. Stated another way, the green phos 
phor emissions also should be subject to little or no phosphor 
re-absorption, even in mixtures containing one or more of the 
other doped semiconductor nanophosphors. 
The bottom line (c) of the graph in FIG. 7B shows the 

absorption and emission spectra for a blue emitting doped 
semiconductor nanophosphor. The absorption spectrum for 
this third phosphor includes the 380-420 nm near UV range, 
but that absorption spectrum drops Substantially to 0 (has an 
upper limit) about 450 or 460 nm. This phosphor also exhibits 
a large Stokes shift from the short wavelength(s) of absorbed 
light to the longer wavelengths of re-emitted light. The emis 
sion spectrum of this third phosphor has a broad peak in the 
wavelength region humans perceive as blue. The main peak of 
the emission spectrum of the phosphor is well above the 
illustrated absorption spectra of the other doped semiconduc 
tor nanophosphors and well above its own absorption spec 
trum. In the case of the blue example, there is just a small 
amount of emissions in the region of the phosphor absorption 
spectra. As a result, blue emissions from the third doped 
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semiconductor nanophosphor would re-excite that phosphor 
at most a minimal amount. As in the other phosphor examples 
of FIG. 7B, the blue phosphor emissions would be subject to 
relatively little phosphor re-absorption, even in mixtures con 
taining one or more of the other doped semiconductor nano 
phosphors. 

Examples of Suitable orange, green and blue emitting 
doped semiconductor nanophosphors of the types generally 
described above relative to FIG. 7B are available from 
NNCrystal of Fayetteville, Ark. 
As explained above, the large Stokes shift results in negli 

gible re-absorption of the visible light emitted by doped semi 
conductor nanophosphors. This allows the stacking of mul 
tiple phosphors. It becomes practical to select and mix two, 
three or more such phosphors in a manner that produces a 
particular desired spectral characteristic in the combined light 
output generated by the phosphor emissions. 

FIG. 8A graphically depicts emission spectra of three of 
the doped semiconductor nanophosphors selected for use in 
an exemplary lamp as well as the spectrum of the white light 
produced by Summing or combining the spectral emissions 
from those three phosphors. For convenience, the emission 
spectrum of the LED has been omitted from FIG. 8A, on the 
assumption that a high percentage of the 405 nm light from 
the LED is absorbed by the phosphors. Although the actual 
output emissions from the fixture may include some near UV 
light from the LED, the contribution thereof if any to the sum 
in the output spectrum should be relatively small. 

Although other combinations are possible based on the 
nanophosphors discussed above relative to FIGS. 7A-7B or 
based on other semiconductor nanophosphor materials, the 
example of FIG. 8A represents emissions of blue, orange and 
green phosphors. The emission spectra of the blue, orange 
and green emitting doped semiconductor nanophosphors are 
similar to those of the corresponding color emissions shown 
in FIG. 7B. Light is additive. Where the lamp includes the 
blue, orange and green emitting doped semiconductor nano 
phosphors, the addition of the blue, orange and green emis 
sions produces a combined spectrum as approximated by the 
top or Sum curve in the graph of FIG. 8A. 

Various mixtures of doped semiconductor nanophosphors 
will produce white light emissions from a lamp that exhibit 
CRI of 75 or higher. For an intended lamp specification, a 
particular mixture of phosphors is chosen so that the light 
output of the fixture exhibits color temperature in one of the 
following specific ranges along the black body curve: 
2,725-145 Kelvin; 3,045-175 Kelvin; 3,465+245° Kelvin; 
3,985-275 Kelvin; 4503-243 Kelvin; 5028+283 Kelvin; 
5665+355° Kelvin; and 6530+510 Kelvin. In the example 
shown in FIG. 8A, the Sum curve in the graph produced by 
the mixture of blue, green and orange emitting doped semi 
conductor nanophosphors would resultina white light output 
having a color temperature of 2800 Kelvin (within the 
2.725+145 Kelvin range). That white output light also would 
have a CRI of 80 (higher than 75). 

It is possible to add one or more additional nanophosphors, 
e.g. a fourth, fifth, etc., to the mixture to further improve the 
CRI. For example, to improve the CRI of the nanophosphor 
mix of FIGS. 7B and 8A, a doped semiconductor nanophos 
phor might be added to the mix with a broad emissions spec 
trum that is yellowish-green or greenish-yellow, that is to say 
with a peak of the phosphor emissions somewhere in the 
range of 540-570 nm, say at 555 nm. 

Other mixtures also are possible, with two, three or more 
doped semiconductor nanophosphors. The example of FIG. 
8B uses red, green and blue emitting semiconductor nano 
phosphors, as well as a yellow fourth doped semiconductor 
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nanophosphor. Although not shown, the absorption spectra 
would be similar to those of the three nanophosphors dis 
cussed above relative to FIG. 7B. For example, each absorp 
tion spectrum would include at least a portion of the 380-420 
nm range. All four phosphors would exhibit a large Stokes 
shift from the short wavelength(s) of absorbed light to the 
longer wavelengths of re-emitted light, and thus their emis 
sions spectra have little or no overlap with the absorption 
spectra. 

In this example (FIG. 8B), the blue nanophosphor exhibits 
an emission peak at or around 484, nm, the green nanophos 
phor exhibits an emission peak at or around 516 nm, the 
yellow nanophosphor exhibits an emission peak at or around 
580, and the red nanophosphor exhibits an emission peak at or 
around 610 nm. The addition of these blue, green, red and 
yellow phosphoremissions produces a combined spectrum as 
approximated by the top or Sum curve in the graph of FIG. 
8B. The Sum curve in the graph represents a resultant white 
light output having a color temperature of 2600° Kelvin 
(within the 2,725+145 Kelvin range), where that white out 
put light also would have a CRI of 88 (higher than 75). 
As shown by the examples of FIGS. 7B-8B, the emission 

spectra of the various exemplary nanophosphors are substan 
tially broader than the relatively monochromatic emission 
spectra of the LEDs. As shown by the graphs in FIGS. 8A and 
8B, the emission spectra of some of the nanophosphors over 
lap, although the emissions peaks are separate. Such spectra 
represent pastel colors of relatively low purity levels. How 
ever, when added together, these emission spectra tend to 
fill-in gaps somewhat, so that there may be peaks but not 
individual spikes in the spectrum of the resultant combined 
output light. Stated another way, the visible output light tends 
to be at least substantially white of a high quality when 
observed by a person. Although not precisely white in the 
electromagnetic sense, the light formed by combining or 
Summing the emissions from the phosphors may approach a 
spectrum corresponding to that of a black body. Of the two 
examples, the sum curve for the white light in the example 
of FIG. 8B comes closer to the spectrum of light correspond 
ing to a point on the blackbody curve overa wavelength range 
from about 425 nm to about 630 nm, although the peak in the 
example somewhat exceeds the black body spectrum and the 
exemplary sum spectrum falls off somewhat faster after that 
peak. 

In several examples offering particular high spectral white 
light quality, the visible light output of the lamp deviates no 
more than 50% from a blackbody radiation spectrum for the 
rated color temperature for the device, over at least 210 nm of 
the visible light spectrum. Also, the visible light output of the 
device has an average absolute value of deviation of no more 
than 15% from the blackbody radiation spectrum for the rated 
color temperature for the device, over at least the 210 nm of 
the visible light spectrum. 

With any of these doped semiconductor nanophosphor 
strategies using emitters rated to emit energy of wavelengths 
from the blue/green region around 460 nm down into the UV 
range below 380 nm, the implementations can use different 
nanophosphor/phosphor combinations/mixtures deployed 
via different instances of the inner member 34 to produce 
lamps with white light output at different color temperatures 
at the specified high spectral quality. 

Variation in the proportions or percentages of different 
phosphors with respect to the total amount of phosphors in a 
mix adapts a particular lamp design to output different color 
temperatures of white light. 
As discussed later, an appropriate mixture of the phosphors 

for a selected one of the color temperatures will also result in 
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lamp outputs within certain tolerance metrics with respect to 
the 210 nm wide section of the blackbody radiation spectrum 
for the particular nominal color temperature. Using spectral 
data for the relevant phosphor materials, corresponding to the 
respective spectra shown in FIG. 7A, approximate percentage 5 
mixtures were developed as would be expected to produce 
outputs of the color characteristics at the specified nominal 
color temperatures. Table 6 below shows relative percentages 
of the four phosphors (blue, green and orange doped semi 
conductor nanophosphors; and a red semiconductor nano 
phosphor) that may be used in exemplary lamps, where the 
spectral data for the phosphors show that the combinations 
should produce a device output having the rated or nominal 
color temperature. The colors of the phosphors represent the 
general appearance of the color emitted by each phosphor. As 
outlined above, however, these phosphors provide relatively 
broad emission spectra and may appear somewhat pastel in 
color (rather than more pure or saturated hues). For each 
phosphor, the percentage is the proportional amount of that 
phosphor with respect to the total amount of phosphors in the 
mixture (combination of all four phosphors in the example). 
As discussed more later, these percentage mixtures of the 
phosphors also cause lamps using Such mixtures to produce 
light that approaches or approximates the black body radia 
tion spectrum for the rated color temperatures. 
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TABLE 6 

Percentages of Phosphors in Mixtures 
for Selected Color Temperature Ranges 30 

Nominal CCT % Blue % Green % Orange % Red 

2700 10 21 25 45 
3OOO 14 21 22 43 
3500 17 25 27 30 
4000 21 29 24 26 
4500 28 27 22 22 
SOOO 32 26 21 21 
5700 37 23 19 21 
6SOO 43 21 17 19 

35 

40 

For convenience, each of the percentages in the table has 
been rounded to the nearest whole number. 
A lamp that has a material bearing one of the mixtures of 

Table 6 is expected to produce a white light output of a color 
temperature corresponding to the listed nominal color tem- 45 
perature, that is to say within the corresponding color tem 
perature range of Table 3 and within the corresponding chro 
maticity quadrangle of Tables 4 and 5. The combination of 
phosphors, however, is expected to also produce a white light 
that has a high quality spectral content, that is to say that 50 
approaches or corresponds to the black body radiation spec 
trum for the rated color temperature, over the 210 nm portion 
of the spectrum (e.g. from 450 nm to 660 nm). The percent 
ages listed in Table 6 are given by way of example. Those 
skilled in the art will appreciate that even for the same four 55 
phosphors, some variation in the proportions/percentages of 
the different phosphors should produce similarly acceptable 
color/spectral performance in the light output of the lamp. 
Also, different phosphors will have different characteristic 
emission spectra and therefore would be mixed in different 60 
proportions. 

Based on the emissions spectra data for the four selected 
phosphors, as represented by the spectral graphs of FIG. 7A, 
and assuming relative percentages of the four phosphors as 
listed in Table 6, simulations/data analyses were done to 65 
determine the expected performance and to compare perfor 
mance to the black body radiation spectra for the different 

28 
nominal color temperatures. FIGS. 12-20 show graphs of 
various results of the simulations with respect to the phos 
phors/mixtures for the eight different color temperatures con 
sidered as examples herein. 
The simulation data is normalized, so that the black body 

radiation spectrum and the radiation spectrum of the lamp 
both represent the same overall intensity of light output, to 
facilitate comparative analysis. For example, for a lamp 
designed for an output at one of the rated color temperatures 
and a given output intensity, e.g. designed for a specified or 
rated number of lumens output, the black body radiation 
spectrum data for the rated color temperature is adjusted to 
represent the same output intensity. 
Assume that the remotely deployed phosphors in the lamp 

include the blue, green and orange emitting doped semicon 
ductor nanophosphors and the red phosphor as discussed 
above relative to 12A to 12C. 

With reference to Table 6, the mixture would contain 10% 
of the Blue doped semiconductor nanophosphor, 21% of the 
Green doped semiconductor nanophosphor, 25% of the 
Orange doped semiconductor nanophosphor and 45% of the 
Red semiconductor nanophosphor. As discussed earlier, the 
exemplary semiconductor LED chip formed by layers 13b 
and 15b (FIG. 3B) is rated to emit near UV electromagnetic 
energy of a wavelength in the range of sá60 nm, such as 405 
nm in the illustrated example, which is within the excitation 
or absorption spectrum of each of the phosphors in the mix 
ture. When excited, that combination of phosphors re-emits 
the various wavelengths of visible light represented by the 
blue, green, orange, red lines in the graph of FIG. 7A. How 
ever, the relative amount of each respective phosphor emis 
sion spectrum included in the device output spectrum corre 
sponds to the percentage of the respective phosphor in the 
mixture. Since each phosphor is fully excited and emits a 
proportional amount of light corresponding to the percentage 
thereof in the phosphor mixture, the combination or addition 
of the four phosphor emission spectrum in the lamp output 
produces “white' light, which for purposes of our discussion 
herein is light that is at least substantially white light. The 
white light emission from the lamp exhibits a radiation spec 
trum corresponding to the wavy line in the example of FIG. 
12A. Also, the light output of the white light lamp exhibits 
color temperature of 2738 Kelvin that is within the 
2,725+145°. Kelvin range for the nominal 2700° K color 
temperature. 
FIG.12A also shows the blackbody radiation spectrum for 

the rated color temperature 2700 Kelvin. The black body 
radiation spectrum has been normalized in that it is adjusted 
to represent a light intensity the same as the intensity of the 
light output of the white light lamp. As shown, the radiation 
spectrum of the light output of the device tracks somewhat the 
blackbody radiation spectrum for the rated color temperature 
2700 Kelvin, particularly over the 450 to 660 nm range, 
although there is some deviation between the black body 
radiation spectrum and the device output spectrum. 

FIGS. 12B and 12C show deviation between the black 
body radiation spectrum and the spectrum of the white light 
lamp, albeit over different portions or ranges of the visible 
light spectrum. These drawings show the percentage of the 
absolute value of the deviation (absolute value of the differ 
ence between the lamp output spectrum and the normalized 
blackbody radiation spectrum, as a percent of the normalized 
black body radiation spectrum). FIG. 12B shows the devia 
tion over the full range of the output radiation spectrum of the 
device, 400 to 700 nm in the example. However, as discussed 
earlier, the region of particular interest for approximation of 
the black body radiation spectrum is a 210 nm range, such as 
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the 450 to 660 nm range. Hence, FIG. 12C shows the devia 
tion over 450 to 660 nm range. 

The graphs/data may be statistically analyzed and com 
pared in a number of ways to appreciate spectral perfor 
mance. Although other statistical measures of the degree to 
which the simulated lamp output spectrum approaches or 
approximates the relevant portion of the black body radiation 
spectrum for the rated color temperature, we have used devia 
tion between the two spectra and various metrics related to the 
deviation. 

In the example of FIGS. 12A to 12C, for the example 
configured for a nominal or rated CIE color temperature 
(CCT) of 2700, the average of the absolute value of the 
deviation of the lamp spectrum from the blackbody radiation 
spectrum was 7%, over the 450-660 nm range. Over that same 
range, the maximum absolute value of the deviation of the 
lamp spectrum from the black body radiation spectrum was 
29%. As shown by the graph in FIG. 12C, this occurred at the 
peak in deviation around the wavelength 640 nm, which cor 
responds to the spectral peak of the lamp output shown in 
FIG. 12A. From a CRI analysis of the spectral data for the 
2700 Kelvin example, it was also determined that the output 
light of such a lamp should exhibit a CRI at or about 98. 
The same simulations and analyses using the phosphor 

percentages (Table 6) for the other rated color temperatures 
were performed. FIGS. 13 to 19 are similar to FIG. 12, except 
that FIGS. 13 to 19 show the corresponding graphs for the 
other nominal color temperatures discussed herein. 

Table 7 below shows the various statistical measures of the 
difference or deviation between the lamp output radiation 
spectrum and the blackbody radiation spectrum, for the eight 
nominal color temperatures represented by the graphs in 
FIGS. 12-19. The exemplary simulation data and thus the 
deviation values and averages in the table are based on data 
points or values for the blackbody and lamp radiation spectra 
for every other nm wavelength (every 2 nm) over the relevant 
spectral range. However, since the metrics use maximum 
absolute value deviation and an average, it is believed that 
analyses based on different numbers/widths of spectral data 
points (e.g. every nm, every 5 nm, every 10 nm, etc.) would 
produce similar results. 

TABLE 7 

Deviation (A) Metrics for Lamps 
Rated at Nominal Color Temperatures 

Nominal Avg. A%| Over Max. A96 Over 
CCT 450-660 mm 450-660 mm 

2700 7 29 
3OOO 11 38 
3500 5 34 
4OOO 5 37 
4500 6 36 
SOOO 8 33 
5700 11 37 
6500 14 48 

Approximation of the black body radiation spectrum is 
intended to produce a high quality spectral content. As noted 
earlier, although other measures may be used or developed, 
the current standard metric of spectral content for lighting 
applications is CRI. Hence, the CRI for each example also 
was calculated from the spectral data. Table 8 below lists 
specific expected color temperature and CRI values for the 
lamp using the above discussed phosphor mixtures to produce 
white light outputs of the rated color temperatures. 
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TABLE 8 

Color Temperatures and CRI Results for Lamps 
Rated at Nominal Color Temperatures 

Nominal Output Color Device 
CCT ( Kelvin) Temp. ( Kelvin) Output CRI 

2700 2738 98 
3OOO 3050 94 
3500 3461 93 
4000 3997 90 
4500 4547 91 
SOOO 4936 90 
5700 5679 90 
6SOO 6759 86 

An actual phosphor mixture was prepared using the four 
phosphors for a 2700 Kelvin output. The percentages were 
approximately 11% of the Blue, 23% of the Green, and 27% 
of the Orange, for the doped semiconductor nanophosphors; 
and 38% of the red semiconductor nanophosphor. The mix 
ture produced a light output CCT of 2839 Kelvin (within the 
2725+145° Kelvin range). 

FIGS. 20A to 200 are spectral and deviation graphs for the 
2700 Kelvin phosphor mixture similar to the simulation 
graphs of FIGS. 19A to 19C. The lamp radiation spectrum 
(wavy line) in FIG. 20A is that for the actual phosphor mix 
ture. The black body radiation spectrum in FIG. 20A is that 
for 2700 Kelvin, the same as in FIG. 19A. Again, the black 
body radiation spectrum has been normalized in that it is 
adjusted to represent a light intensity the same as the intensity 
of the light output of the lamp, in this case, the output for the 
actual phosphor mixture. As shown, the radiation spectrum of 
the light output of the lamp tracks somewhat the black body 
radiation spectrum for the rated color temperature 2700° 
Kelvin, particularly over the 450 to 660 nm range, although 
there is some deviation between the black body radiation 
spectrum and the device output spectrum. 

FIGS. 20B and 20G show deviation between the black 
body radiation spectrum and the spectrum of the actual phos 
phor mixture, albeit over different portions or ranges of the 
visible light spectrum. These drawings show the percentage 
of the absolute value of the deviation (absolute value of the 
difference between the device output spectrum and the nor 
malized black body radiation spectrum, as a percent of the 
normalized black body radiation spectrum). FIG. 20B shows 
the deviation over the full range of the output radiation spec 
trum of the lamp, 400 to 700 nm in the example. However, as 
discussed earlier, the region of particular interest for approxi 
mation of the black body radiation spectrum is a 210 nm 
range, such as the 450 to 660 nm range. Hence, FIG. 20O 
shows the deviation over 450 to 660 nm range. 
Over the 210 nm range from 450 nm to 660 nm, the average 

of the absolute value of deviation of the lamp output radiation 
spectrum from the black body radiation spectrum for 2700° 
Kelvin was 15%. Over that range, the maximum deviation 
between the output radiation spectrum and the corresponding 
black body radiation spectrum was 42%. Also, the light out 
put of the actual phosphor mixture exhibited a CRI of 91. 
From the simulation and the test data, the inventors propose 

that a high quality spectral content produced by a lamp, using 
phosphors in the manner and/or exemplary percentages 
described would exhibit (i) a maximum absolute value of the 
deviation of the device spectrum from the black body radia 
tion spectrum of no more than 50% (deviates no more than 
+50%) from a black body radiation spectrum for the rated 
color temperature for the lamp over at least 210 nm of the 
visible light spectrum; and (ii) would have an average abso 
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lute value of deviation of no more than 15% from the black 
body radiation spectrum for the rated color temperature for 
the lamp over at least the 210 nm of the visible light spectrum. 

However, from the data, it should be apparent that some 
lamps may be able to meet even stricter performance stan 
dards, although perhaps not at all of the exemplary rated color 
temperatures. 

Hence, using the simulation results from Tables 7 and 8 for 
the color temperature range of 2700-5700 Kelvin to define 
the outer boundaries of acceptable spectral performance, 
which is slightly larger than that achieved by 5700 Kelvin 
but does not encompass the outliner example at 6500 Kelvin, 
another set of spectral requirements would be for the lamp 
output spectrum to exhibit (i) absolute value of deviation of 
no more than 42% from a black body radiation spectrum for 
the rated color temperature for the lamp (deviates no more 
than +42%) over at least 210 nm of the visible light spectrum 
and (ii) would have an average absolute value of deviation of 
no more than 12% from the blackbody radiation spectrum for 
the rated color temperature for the lamp over at least the 210 
nm of the visible light spectrum. Such a lamp output would 
provide a CRI of 87 or better. 

Using the actual simulation results from Tables 7 and 8 for 
the color temperature range of 2700-5700 Kelvin to define 
the outer boundaries of acceptable spectral performance, 
another set of spectral requirements would be for the lamp 
output spectrum to exhibit (i) a maximum absolute deviation 
of no more than 37% (deviates no more than +37%) from a 
blackbody radiation spectrum for the rated color temperature 
for the device over at least 210 nm of the visible light spec 
trum; and (ii) would have an average absolute value of devia 
tion of no more than 11% from the black body radiation 
spectrum for the rated color temperature for the lamp over at 
least the 210 nm of the visible light spectrum. Such a lamp 
output would provide a CRI of 90 or better. 

In Table 7, the best 5 average deviations (Avg. A%) were 
for 2700 (7), 3500 (5), 40000(5), 4500, (6) and 5000 (8). The 
examples give an average range for the averages of 5-8%. For 
these same color temperatures the largest maximum absolute 
value of deviation was 37% (at 4000). Hence, using that more 
limited best of five results for the average, from Table 7. 
another set of spectral requirements would be for the device 
output spectrum to exhibit (i) maximum absolute value of 
deviation of no more than 37% (deviates no more than +37%) 
from a black body radiation spectrum for the rated color 
temperature for the device over at least 210 nm of the visible 
light spectrum; but (ii) would have an average absolute value 
of deviation of no more than 8% from the black body radia 
tion spectrum for the rated color temperature for the device 
over at least the 210 nm of the visible light spectrum. From 
those same best five data points, the data in Table 6 shows that 
the a device output would provide a CRI of 90 or better. 

The drawings and the discussion above have specifically 
addressed only a small number of examples of lamps that may 
utilize the remote phosphor technique to produce high spec 
tral quality white light. Those skilled in the art will appreciate 
that the technology is readily adaptable to a wide range of 
lighting devices, systems and/or device components. 

While the foregoing has described what are considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the Sub 
ject matter disclosed herein may be implemented in various 
forms and examples, and that the teachings may be applied in 
numerous applications, only some of which have been 
described herein. It is intended by the following claims to 
claim any and all applications, modifications and variations 
that fall within the true scope of the present teachings. 
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What is claimed is: 
1. A lamp, comprising: 
a plurality of solid state light emitters: 
a bulb: 
a pedestal comprising first and second sections, the first 

section extending into an interior of the bulb supporting 
the solid state light emitters, at least some of the solid 
state light emitters being Supported on the pedestal in 
orientations such that principal directions of light emis 
sions from respective emitters are radial outward from 
the pedestal through the bulb in a plurality of different 
radial directions, and at least one of the Solid State emit 
ters being Supported on an end of the first section of the 
pedestal in Such an orientation so that a principal direc 
tion of emission of light from the at least one solid state 
light emitter is substantially the same as or parallel with 
a longitudinal axis of the lamp; 

an inner member, of a material that is at least partially light 
transmissive, radially and longitudinally around the 
solid state light emitters between an inner surface of the 
bulb and the solid state light emitters and at distances 
from the inner surface of the bulb and the solid state 
emitters; 

a phosphor, remotely deployed in the lamp with respect to 
the Solid state light emitters, the phosphor being of a type 
for converting at least Some portion of light from the 
Solid state light emitters from a first spectral character 
istic to a second spectral characteristic, to produce an 
output of the lamp from the bulb that is at least substan 
tially white; 

a heat sink; 
a lighting industry standard lamp base for providing elec 

tricity from a lamp Socket; and 
circuitry connected to receive electricity from the lamp 

base, for driving the solid state emitters to emit light, 
wherein: 

the inner member remotely deploys the phosphor with 
respect to the Solid State light emitters, and 

the second section of the pedestal comprises a spiral 
shaped heat pipe connected to and extending from the 
first section into the heat sink and forming a spiral in heat 
communicative contact with the heat sink. 

2. The lamp of claim 1, wherein the material of the inner 
member is gas permeable. 

3. The lamp of claim 1, wherein: 
the phosphor is coated on an inner or outer Surface of the 

inner member. 
4. The lamp of claim 1, wherein: 
the phosphor is impregnated in the material of the inner 

member, and 
the material is non-gas permeable. 
5. The lamp of claim 1, wherein: 
the material of the inner member is a permeable light 

transmissive mesh. 
6. The lamp of claim 1, wherein: 
the inner member forms at least one wall of a gas-tight 

container enclosing the phosphor, and 
the gas-tight container is filled with a gas that is at least 

Substantially oxygen free. 
7. The lamp of claim 1, wherein: 
the pedestal includes a multi-surfaced three-dimensional 

core, and 
distinct lateral surfaces of the multi-surfaced core face 

outward from a longitudinal axis of the lamp and Support 
the at least some of the solid state light emitters in 
different radial principal emission orientations. 
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8. The lamp of claim 7, wherein one of the solid state 
emitters is Supported on a distinct end Surface of the multi 
Surfaced three-dimensional core. 

9. The lamp of claim 1, wherein: 
the solid state light emitters are emitters for emitting light 

that is at least substantially white at a first color tempera 
ture; and 

the phosphor is of a type for converting at least some 
portion of the white light from the solid state light emit 
ters from the first spectral characteristic to the second 
spectral characteristic to produce the white light output 
from the bulb at a second color temperature. 

10. The lamp of claim 9, wherein the phosphor comprises 
at least one semiconductor nanophosphor. 

11. The lamp of claim 10, wherein the light output from the 
lamp via the bulb, produced by a combination of some light 
from the solid state emitters and excitation of the semicon 
ductor nanophosphors, has a color rendering index (CRI) of 
75 or higher. 

12. The lamp of claim 10, wherein the light output from the 
lamp via the bulb, produced by a combination of some light 
from the solid state emitters and excitation of the at least one 
semiconductor nanophosphor, exhibits a color temperature in 
one of the following ranges: 

2,725-145° Kelvin; 
3,045-175° Kelvin; 
3,465+245° Kelvin; and 
3,985-275 Kelvin. 
13. The lamp of claim 12, wherein the solid state light 

emitters are emitters for emitting light that is at least Substan 
tially white at a color temperature greater than 4260 Kelvin. 

14. The lamp of claim 13, wherein each of the solid state 
light emitters is rated with a principal wavelength of emission 
in a range of about 460 nm and below; and 

the phosphor further comprises a rare earth phosphor. 
15. The lamp of claim 14, wherein the substantially white 

light output from the lamp has a color temperature in one of 
the following ranges: 

2,725-145° Kelvin; 
3,045-175° Kelvin; 
3,465+245° Kelvin; 
3,985-275 Kelvin; 
4503+243 Kelvin; 
5028+283 Kelvin; 
5665355° Kelvin; and 
6530-510 Kelvin. 
16. The lamp of claim 1, wherein: 
the phosphor comprises a plurality of doped semiconduc 

tor nanophosphors; 
the plurality of solid State light emitters are emitters having 

a wavelength output in the near UV range of 380-460 
nm, and 

each semiconductor nanophosphor is of a type for convert 
ing at least Some portion of the near UV wavelength 
range from the Solid state emitter. 

17. The lamp of claim 16, wherein: 
(a) visible light output from the lamp produced upon exci 

tation of the doped semiconductor nanophosphors by 
light from the solid state emitters is at least substantially 
white; 

(b) the substantially white light output from the lamp has a 
color rendering index (CRI) of 75 or higher; and 

(c) the substantially white light output from the lamp has a 
color temperature in one of the following ranges: 
2,725-145 Kelvin; 
3,045-175 Kelvin; 
3,465+245° Kelvin; 
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3,985-275 Kelvin; 
4503+243 Kelvin; 
5028+283° Kelvin; 
5665355° Kelvin; and 
6530-510 Kelvin. 

18. The lamp of claim 17, wherein the substantially white 
light corresponds to a point on a black body radiation spec 
trum. 

19. The lamp of claim 1, further comprising: 
a lighting industry standard lamp base for providing elec 

tricity from a lamp Socket; and 
circuitry connected to receive electricity from the lamp 

base, for driving the solid state emitters of the source to 
emit the light and to excite the remotely deployed phos 
phor. 

20. The lamp of claim 1, further comprising: 
a circuit board attached to the thermal core for driving the 

solid state light emitters, wherein: 
the circuit board extends vertically upward from the lamp 

base in an interior space within the heat sink, and 
the spiral shaped second section of the heat pipe coils 

around a portion of the circuit board. 
21. The lamp of claim 1, wherein the heat sink comprises: 
an interior Surface and longitudinally arranged heat radia 

tion fins extending outward from the interior Surface, 
each heat radiation fin having a section extending radi 
ally outward, wherein: 

the spiral shaped second section of the heat pipe is in heat 
communicative contact with the interior surface of the 
heat sink, 

the heat sink Supports the heat pipe within the lamp, and 
the heat generated by the solid state emitters is transferred 

from the spiral shaped second section of the heat pipe 
and the interior surface of the heat sink to the longitudi 
nally arranged heat radiation fins. 

22. The lamp of claim 21, wherein: 
the first section of the pedestal comprises a first end form 

ing a hot interface for receiving heat generated by the 
Solid state emitters, 

the second section of the heat pipe comprises a second end 
for receiving the heat from the first end of the first 
section of the heat pipe, and 

the heat is transferred out of a cold interface at the second 
end of the second section of the heat pipe to the interior 
surface of the heat sink. 

23. The lamp of claim 1, wherein the first section of the 
pedestal extends along an axis of the lamp Substantially cen 
tered through the spiral of the second section of the heat pipe. 

24. A lamp, comprising: 
a solid state light emitter, 
a bulb: 
a pedestal comprising first and second sections, the first 

section extending into an interior of the bulb supporting 
the solid state light emitter, the solid state light emitter 
being Supported on the first section of the pedestal in an 
orientation Such that principal direction of light emis 
sions from the emitter is outward from the pedestal 
through the bulb. 

an inner member, of a material that is at least partially light 
transmissive, radially and longitudinally around the 
solid state light emitter between an inner surface of the 
bulb and the solid state light emitter and at a distance 
from the inner surface of the bulb and the solid state 
emitter; 

a phosphor, remotely deployed in the lamp with respect to 
the Solid state light emitter, the phosphor being of a type 
for converting at least Some portion of light from the 
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Solid state light emitter from a first spectral characteris 
tic to a second spectral characteristic, to produce an 
output of the lamp from the bulb that is at least substan 
tially white; 

a heat sink; 
a lighting industry standard lamp base for providing elec 

tricity from a lamp Socket; and 
circuitry connected to receive electricity from the lamp 

base, for driving the Solid state emitters to emit light, 
wherein: 

the inner member remotely deploys the phosphor with 
respect to the Solid State light emitter, and 

the second section of the pedestal comprises a spiral 
shaped heat pipe connected to and extending from the 
first section into the heat sink and forming a spiral in heat 
communicative contact with the heat sink. 

25. The lamp of claim 24, wherein: 
the light output from the lamp via the bulb, produced by a 

combination of some light from the solid state emitter 
and excitation of the phosphor, has a color rendering 
index (CRI) of 75 or higher, and exhibits a color tem 
perature in one of the following ranges: 

2,725-145° Kelvin; 
3,045-175° Kelvin; 
3,465+245° Kelvin; and 
3,985-275 Kelvin. 
26. The lamp of claim 24, further comprising: 
a circuit board attached to the thermal core for driving the 

solid state light emitters, wherein: 
the circuit board extends vertically upward from the lamp 

base in an interior space within the heat sink, and 
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the spiral shaped second section of the heat pipe coils 

around a portion of the circuit board. 
27. The lamp of claim 24, wherein the heat sink comprises: 
an interior Surface and longitudinally arranged heat radia 

tion fins extending outward from the interior Surface, 
each heat radiation fin having a section extending radi 
ally outward, wherein: 

the spiral shaped second section of the heat pipe is in heat 
communicative contact with the interior surface of the 
heat sink, 

the heat sink Supports the heat pipe within the lamp, and 
the heat generated by the solid state emitters is transferred 

from the spiral shaped second section of the heat pipe 
and the interior surface of the heat sink to the longitudi 
nally arranged heat radiation fins. 

28. The lamp of claim 27, wherein: 
the first section of the pedestal comprises a first end form 

ing a hot interface for receiving heat generated by the 
Solid state emitters, 

the second section of the heat pipe comprises a second end 
for receiving the heat from the first end of the first 
section of the heat pipe, and 

the heat is transferred out of a cold interface at the second 
end of the second section of the heat pipe to the interior 
surface of the heat sink. 

29. The lamp of claim 24, wherein the first section of the 
pedestal extends along an axis of the lamp Substantially cen 
tered through the spiral of the second section of the heat pipe. 
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